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Proceedings. 


TWELFTH GENERAL MEETING OF THE AMER- 
ICAN CHEMICAL SOCIETY. 


The twelfth general meeting of the American Chemical 
Society was held in Cleveland, Ohio, December 30th and 31st, 
1895. 

The first session was called to order by the president, Dr. E. 
F. Smith, at 9.15 4. M., Monday, December 30th, in the Chemi- 
cal Lecture Room of the Western Reserve Medical College. 

Mr. M. S. Greenough, President of the Cleveiand Gas Light 
and Coke Company, was introduced and gave the following 
words of welcome : 


Gentlemen of the American Chemical Society : 


It is with great pleasure that I have accepted the invitation of 
Prof. Mabery to act as spokesman for the local interests to which 
you are allied, and welcome you to the hospitalities of our city. 
Cleveland is a very popular city for conventions, and I am in- 
formed that no less than 100 have met here during the year now 
closing. I venture, however, to assert that no body of men 
gathered together in this vicinity or elsewhere could represent a 
profession more useful or honorable than your own. What civ- 
ilization owes to chemistry is hardly appreciated by the ordinary 
citizen. He is so accustomed to enjoy the health, comfort and 
prosperity which comes from it, that he looks upon his blessings 
as part of the natural order of things, and never stops to consider 
to what he is indebted for them. When man was in his primi- 
tive state and dressed in skins, lived in a tent on what he could 
kill and changed his residence daily, he naturally had not much 
use for chemistry, but nowadays without the expert analyst we 
should be simply helpless. We depend upon him to know that 
our drinking water is safe to use, whether our children’s milk is 
genuine or diluted, whether our groceries are pure or adultera- 
ted. We invoke his assistance in every department of manufac- 
ture. In the steel business, for instance, which isthe right hand 
of this city, the buyer purchases on a guaranteed percentage of 
ingredients, and every blow is tested, aud where iron ores are 
saleable or unsaleable according to their chemical composition, 
there the chemist is absolutely indispensable. It might be truly 
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said that without the constant, persistent, almost unnoticed work 
of the chemist, this city of Cleveland, with its diversified inter- 
ests, including every sort of steel work, with its paint works, its 
refineries, its chemical works and its great ship yards, would be 
a small town, one-tenth its present size, with gardens and or- 
chards coming down to the Public Square. Cleveland is built on 
the work of the expert chemist, and yet not one man in a hun- 
dred ever stops to realize that fact. 

My own business is to furnish illuminating gas to this commu- 
nity and, of course, no man here knows so wellas I how much 
that industry is indebted to chemistry. When I left Harvard 
College, twenty-seven years ago, and entered the service of the 
Boston Gas Co., gas sold at $2.50 per thousand ; now it is sold 
there at a dollar, and here this company only nets seventy-five 
cents for its product, after paying to the city our franchise tax of 
six and one-half per cent. This is not all due directly to chem- 
istry, buta great part of itis. An old-fashioned gas manager is 
reported to have said ‘‘ I don’t care a d—n about your hydro- 
gens and your oxygens ; you give the coal and I’ll cook the gas 
out of it.’ Such a man was once very useful, and may be still, 
but if everybody had held his opinions gas would not now be 
sold so cheap or pure. There is not a large company in this 
country to-day but what either employs a permanent chemist or 
has one near by on whom to call. Before the chemist lent his 
aid gas companies either ran their tar and ammonia into the 
nearest river, or else burned their tar and left their ammonia in 
the gas. Without his experience and analyses we should never 
have applied the principles of regenerative gas firing to our re- 
tort benches or our gas burners. We should have failed in the 
successful enrichment of decomposed steam by petroleum prod- 
ucts, which hasbeen a development ofthe last twenty years, and 
which furnishes the method by which gas can be most cheaply 
made in many localities in this country. 

Auer Von Welsbach was an Austrian chemist who discovered 
the luminous qualities of some rare earths, by heating which a 
foot of gas is enabled to give three times as much light as is or- 
dinarily obtained by burning it, and by which gas has been fur- 
nished with its strongest weapon in the fight for business. Last 
of all is this new discovery of calcium carbide with its product of 
acetylene, which affords the most beautiful artificial light yet 
produced : and though I am by no means prepared to endorse 
the claims of its enthusiastic advocates, yet it must have its effect 
upon the lighting interests of the whole country of every 
description. ‘‘ Every man to his last’’ says the shoemaker, and 
I speak of these things because they have come under my own 
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eyes; but I have no doubt that every manufacturer in this city 
might be heard from ina similar strain as to the cheapening and 
improving of his product by the skill of your profession. I know 
that I speak for them all when I welcome you to our city, and 
dwell upon the respect in which we hold you. 

You will find upon the programs a large number of enter- 
prises which you are invited to visit. The gas works are not 
upon the list, but if any of your body are interested in that di- 
rection you will find our workson Wilson Avenue a good exam- 
ple of modern gas engineering. 

I sincerely trust that you will find your stay here both agree- 
able and interesting, and that we may have the pleasure of seeing 
you again, either individuaily or collectively. 

If there are any eastern members of your body who are con- 
sidering the advisability of moving westward, you will, I am 
sure, take home with you for reflection the great future which is 
awaiting this city and itsenvirons, and will also realize the oppor- 
tunities which are awaiting the man who settles among us 
thoroughly equipped with the education of the industrial chem- 
ist. 

In response, Dr. E. F. Smith, President of the American 
Chemical Society, said : 


Believe me, sir, that the American Chemical Society fully 
appreciates the cordial and hearty reception that has been 
extended to its members, and through me returns to you and 
those whom you represent, its sincere thanks. 

We are glad to be here, and we are eager to avail ourselves of 
the many opportunities which we shall have while in your 
midst, of inspecting the many industrial plants within the bor- 
ders of this city, and within its immediate neighborhood. 

We feel particularly grateful to our Council for having called 
us here, where there is such a centralization of enterprises 
founded on scientific principles. I can assure you, we will take 
advantages of the privileges which you have offered to us. 

We feel happy, too, in the thought that in coming here we 
have a chance to meet with your local chemists, who are a host 
within themselves. They have wrought well, and they have 
contributed very largely to placing the name of your city upon a 
high pedestal among the cities of this nation which encourage 
industries founded upon chemical principlesand processes. Two 
of them particularly are we proud of: I need not mention the 
names of Dr. Morley and Dr. Mabery, the first of whom has 
won for himself a reputation by his investigations on certain 
constants of nature ; and the second has achieved equal glory by 
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the researches which he has made, and the light which he has 
thrown upon the difficulties surrounding the petroleum problem. 

For these reasons, and for the opportunities which we hope to 
have while here of inspecting these great industries, and for the 
kindly reception given us and the many hospitalities which will 
be ours while we are here, we thank you. 

I trust that you, and all Cleveland for that matter, if conveni- 
ent, will attend our session and join in the discussions of the 
papers which are to be presented. (Applause.) 

The President then called for the report of the General Secre- 
tary, which was read, and by vote of the Society was ordered 
placed on the file. The Secretary’s report is as follows : 


To the Members of the American Chemical Society : 


GENTLEMEN :—The record of the American Chemical Society 
during the past year has been one of enlarged activities, and of 
higher attainments and more extended usefulness than ever 
before. The membership of the Society has steadily increased ; 
three new local sections have been established and many of the 
older sections have made commendable progress in numbers and 
in the character and influence of their work; the journal has 
been much improved, and the Society to-day exerts a more 
potent influence among chemists, both in the old world and the 
new, than it did one year ago. 

The roll of membership December 26, 1894, was as follows :— 
Members, 720; associates, 55; honorary members, 8: total, 783. 
On December 26, 1895, there were 884 members, 58 associates, 
and 8 honorary members; total 950. If to this number we 
add the names of 54 persons, who have been elected, but have 
not yet qualified, (a great majority of them having been elected 
since the rst of November, and according to the constitution, 
not being required to qualify before January 1st), and 31 whose 
applications for membership are now under consideration, we 
have a grand total of 1035, which may be considered the 
present numerical strength of the Society. The increase in 
membership during 1895 has been greater than in any previous 
year, except 1894, and there is reason to believe that the momen- 
tum which the Society has acquired in this direction during the 
past few years will continue for a long time to come. 
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The following named members have died since the presenta- 
tion of the last annual report of the General Secretary: A. A. 
Fesquet, H. B. Nason, J. C. Dittrich, W. H. Whalen, Mark 
Powers, Lewis W. Hoffman, G. E. Moore, W. G. Wallace and 
Wm. C. Wilson. This list was reported to the Society at the 
Springfield meeting last August, and sketches of Prof. Nason, 
one of the ex-Presidents of the Society, and of Dr. Moore, one 
of the most highly respected members ot the New York Section, 
have appeared in the Journal of the Society. 

The three local sections established during the past year are 
located respectively in Chicago, Nebraska and North Carolina. 

There are now nine local sections of the Society, viz ; 

Rhode Island Section; Presiding Officer, Charles A. Catlin, 
133 Hope St., Providence, R. I.; Secretary, Walter M. Saun- 
ders, Olneyville, R. I. 

Cincinnati Section; Presiding Officer, Karl Langenbeck, 27 
Orchard St., Zanesville, Ohio; Secretary, E. C. Wallace, 
Room 71, Blymeyer Building, Cincinnati, Ohio. 

New York Section: Presiding Officer, Peter T. Austen, Poly- 
technic Institute, Brooklyn, New York; Secretary, Durand 
Woodman, 127 Pearl St., New York City. 

Washington Section: Presiding Officer, Charles E. Munroe, 
Columbian University, Washington, D. C.; Secretary, A. C. 
Peale, 605 12th St., N. W., Washington, D. C. 

Lehigh Valley Section: Presiding Officer, Edward Hart, Lafay- 
ette College, Easton, Pa. ; Secretary, Albert H. Welles, Lafay- 
ette College, Easton, Pa. 

New Orleans Section : Presiding Officer, A. L. Metz, Tulane 
Medical College, New Orleans, La. ; Secretary, Hubert Edson, 
Bartels, La. 

Chicago Section: Presiding Officer, Frank Julian, South Chicago, 
Ill. ; Secretary, F. B. Dains, 2421 Dearborn St., Chicago, IIl. 

Nebraska Section: Presiding Officer, H. H. Nicholson, Uni- 
versity of Nebraska, Lincoln, Nebraska ; Secretary, John White, 
Box 675, Lincoln, Nebraska. 

North Carolina Section : Officers not yet reported. 

The financial outlook of the Society is very encouraging ; the 
report of the Treasurer shows a good balance after paying all 
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indebtedness. A little well directed effort on the part of the 
members to secure advertisements for the Journal, and increase 
the regular and associate membership, would add very mate- 
rially to the income of the Society and would enable the Com- 
mittee on Papers and Publications to enlarge the scope of the 
Journal, and to make it in many ways even superior to what it 
is at present. 

The membership dues have been collected by the General Sec- 
retary during 1895 asin the previous years. This work has 
been looked after very closely, and the results have been of two- 
fold advantage to the Society—a considerable sum has been 
secured that otherwise would have been lost in unpaid arrears, 
and those who have paid their dues, after repeated reminders 
from the Secretary, have been saved to the membership of the 
Society, and have been more prompt the next time in their 
remittances. 

During the year 1895 it has been necessary to drop the names 
of only twelve persons from the roll of the Society, as required by 
the constitution, for non-payment of arrears. 

During the year Prof. F. W. Clarke resigned as Chairman of 
the Committee, appointed by the Council, for considering the 
question of revising the constitution, and Dr. H. W. Wiley was 
appointed to fill the vacant position. This committee has not 
yet completed its work. Under the authority and direction of 
the Society, the General Secretary secured the passage of a bill 
by the New York Legislature, enabling the Society to choose 
its directors without regard to their being residents of the State 
ot New York, or any other State or locality, and also legalizing 
whatever action the Society might take at any of its meetings 
held outside of New York State. 

Prof. Clarke presents his annual report on atomic weights 
as a paper to be read at this meeting. The Society is to be con- 
gratulated in having among its members a person so able and 
at the same time so willing to present fully a regular annual 
report upon this subject. 

During the year the President, upon the authority of the 
Council, appointed Messrs. Hale, Austen and Breneman as a 
committee to consider the question of a permanent badge for the 
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Society. The committee have met and considered the subject 
and requests for suggestions and designs have been sent to 
every nrember of the Society, but no report has yet been pre- 
pared. 

The Society held its eleventh general meeting in Springfield, 
Mass., August 27th and 28, 1895, just previous to the meeting 
of the American Association for the Advancement of Science in 
the same city. There was a large attendance anda full pro- 
gram of papers. The meeting was one of unusual interest and 
inspiration to all who were fortunate enough to attend. A full 
account of the proceedings was published in the October number 
of the Journal. 

Early in the year formal invitations were received from the 
officials of the city of Cleveland, the Chamber of Commerce of 
Cleveland, the Western Reserve University, the Case School of 
Applied Science and the Cleveland Chemical Society, for the 
American Chemical Society to hold their annual meeting this 
year in Cleveland. ‘These invitations were so hearty, and Cleve- 
land is so desirable a city in which to hold a meeting of the 
Society, that the Council gladly accepted the invitations, with 
the result that we are now the favored guests of these bodies and 
enjoying their cordial and unstinted hospitalities. 

It is much to be regretted that every member of the Society 
could not be present to partake of the rich feast we find pre- 
pared for us in this beautiful and enterprising industrial and ed- 
ucational center. 

In looking back upon the past, carefully surveying the present 
condition and attainments, and anticipating the future, the mem- 
bers of the American Chemical Society have every reason for 
encouragement and gratification. 

If the Society could receive from all its members the loyalty 
and active support which has always been given by those who 
have been most devoted to its interests, the rapid progress of the 
past few years would be regarded as little when compared with 
what the next decade would witness. May we not hope as we 
begin this new year in our history that this active support and 
loyality will be accorded, and that every member will to the 
utmost of his ability exert himself to increase the membership, 
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the strength and the influence of the Society, both at home and 
abroad. 

We sometimes feel that we need to establish a league of loyal 
Americans in the realm of chemical science ; whatever Ameri- 
cans accomplish should go to the credit of America. But this is 
not all; we believe it is a mistake for any chemist under the 
existing conditions to think that his best path to recognition by 
the scientific world lies through the medium of foreign periodi- 
cals. Articles published in our Journal are so fully abstracted 
and so often copied entire by foreign scientific periodicals that 
it seems that the best means for securing general publication and 
widespread recognition for any deserving paper is through the 
columns of our Journal. Thus not only loyalty to the Ameri- 
can Chemical Society, but also self interest demands that the 
columns of our Journal be kept filled with the records of the 
best work done in our country. 

Respectiully submitted, 
ALBERT C. HALE. 
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The following report of the Librarian was read by the General 
Secretary : 

DECEMBER 26, 1895. 

The library has been in storage during the year and therefore 
there is little to report. It is hoped, however, that a suitable 
place where the books may be useful to the members will soon 
be found. Several places have been suggested but none as yet 
that meets the requirements of the case. 

There is a growing call for back numbers of the Journal and I 
would suggest that the money obtained from their sale be used 
to find and care for the library. 

The Librarian has received the following exchanges : 


UNIFED STATES. 


American Chemical Journal. 

American Journal of Pharmacy. 

American Manufacturer and Iron World. 

American Naturalist. 

Annals of the New York Academy of Arts and Sciences. 
Anthony’s Photographic Bulletin. 
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3ulletin of the American Museum of Natural History 
Deutsch-Amerikanische Apotheker- Zeitung. 
Kugineering and Mining Journal. 
Ephemeris (Squibb). 

Engineering Magazine. 

Journal of the Franklin Institute. 
Journal of the United States Artillery. 
New York Medical Journal. 

Oil, Paint, and Drug Reporter. 
Popular Science Monthly. 
Proceedings of the Academy of Natural Sciences (Philadel- 
phia). 

Proceedings of the American Academy of Arts and Sciences 


(Boston). 
Proceedings of the American Philosophical Society (Philadel- 


‘ 


phia). 

School of Mines Quarterly 

Scientific American. 

Technology Quarterly. 

Textile Colorist. 

Textile Manufacturers’ Review and Industrial Record. 
Transactions of the American Institute of Electrical Engineers. 
Transactions of the American Institute of Mining Engineers. 
Transactions of the New York Academy of Sciences. 


CANADA. 


Journal and Proceedings of the Hamilton Association 
Proceedings of the Canadian Institute. 
Proceedings and Transactions of the Nova Scotia Institute of 
Sciences. 

HOLLAND. 
Revue Internationale des Falsifications. 

ITALY. 

Gazzetta Chimica Italiana. 

ENGLAND. 
Analyst. 
Chemical News. 
Engineering. 
Journal of the Chemical Society. P 
Journal of the Society of Arts. 
Journal of the Society of Chemical Industry. 
Oil and Colorman’s Journal. 
Pharmaceutical Journal and Transactions. 
Sugar Cane. 
Transactions of the Institute of Brewing. 
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FRANCE. 
Annales des Mines. 
Bulletin de la Société Chimique de Paris. 
Bulletin de la Société Industrielle de Rouen. 
Bulletin de la Société Industrielle de Amiens 
Moniteur de la Teniture. 
Moniteur Scientifique de Quesnesville. 
Reportoire de Pharmacie. 
GERMANY. 
Archiv der Pharmacie. 
Bierbrauer. 
Bulletin de la Société Industrielle de Mulhouse. 
Sitzungsberichte der K. B. Akademie der Wissenchaften zu 
Munchen. 
AUSTRIA. 
Allgemeine Oesterreichische Chemiker und Techniker Zeitung 
Oesteryeiches Zeitschift fur Berg und Huttenwesen. 
(Proceedings) Kaiserliche Akademie der Wissenschaften in 
Wien. 
RUSSIA. 
Bulletin de 1’ Academie Imperiale des Sciences de St. Peters- 
burg. 
Memoirs de la Société des Naturalistes de Kiew. 
AUSTRALIA. 
Journal and Proceedings of the Royal Society of New South 
Wales. 
ROUMANIA. 
Buletinul Societatii de Sciinte Fizice. 
The Librarian wishes to acknowledge the receipt of the fol- 
lowing volumes : 
Chemical Bulletins U. S. Department of Agriculture. 
Reports and Bulletins of the Massachusetts Experiment Sta- 
tion. 
Reports and Bulletins of the Connecticut Agricultural Exper- 
iment Station. 
One hundred years of business life, Wm. J. Schieffelin. 
An Introduction to the Study of Rocks. Presented by the 
Trustees of the British Museum of Natural History. 
Respectfully submitted, 
F. E. DopGE, 


Librarian. 
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Dr. Hart was then called upon and made a report for the Com- 
mittee on Papers and Publications. 

He stated. that last year 915 pages of the Journal were pub- 
lished, this year we published 1092 pages, and we have enough 
papers left over to fill the January number and part of the Feb- 
ruary number. The committee have been hampered in their 
plans by the financial condition of the society. But the treasu- 
rer’s report is an encouraging one, and we hope next year, if we 
are to go on with the work, to show still better results. 

I may say that there are frequent complaints of non-delivery of the 
Journal from members of the society. The difficulty in most cases 
is not in sending out, but with the post-office authorities, who 
are so overwhelmed with second-class matter that thev become 
careless. The Journal is mailed as carefully as it is possible to 
do it, the address printed and kept standing, and therg are very 
few mistakes made in the office of distribution. I hope that 
members who do not receive the Journal regularly will write to 
us, and we will make every effort to get the Journal to them. 
Very often when a complaint has been made of non-receipt of 
the Journal, another Journal has been sent, and the second one 
has not been received. The difficulty seems to be with Uncle 
Sam’s method of conducting business. 

Several plans have been suggested and considered for increas- 
ing the efficiency of the Journal, but nothing that has been sug- 
gested is yet ready for report. 

The question of a good journal is largely a financial question. 
If we have money to print and circulate a journal, we can have 
a good journal. There is no difficulty about papers. We have 
more good papers now than we can manage. 

It would perhaps be interesting to the members to know some- 
thing about the actual circulation of the Journal, which is con- 
siderably in excess of the membership. We sent out for Decem- 
ber 1125 Journals. Of this number less than fifty are exchan- 
ges, so our actual paid subscription list is very nearly 1100. The 
returns for the next year are beginning to come in, and I am 
able to report large accessions to the number of subscribers, es- 


pecially foreign subscribers. 
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Prof. Sabin reported for the Finance Committee. 

Formal reports were then made by members of special com- 
mittees as follows: 

Committee on Duty-Free Importation, C. E. Munroe; Com- 
mittee on Nomenclature and Spelling of the Journal, Edward 
Hart ; Committee on Triennial Congress of Chemists, F. W. 


Clarke. 

The Secretary then read a letter from Dr. T. H. Norton, of 
Cincinnati, expressing his regret that he was unable to attend 
the meeting and sending his best wishes for an enjoyable and 
profitable occasion. 

The following communication was then read by the Secretary : 


DEPARTMENT OF THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY. 
WASHINGTON, D. C., November 30, 1895. 
To the President of the American Chemical Society : 

Str: In compliance with a request emanating from the 
Chemical Division of this survey, I address you as the head of 
the most representative body of the American chemists with a view 
to securing action on the part of the American Chemical Society 
looking toward the general adoption, in this country at least, of 
a method for the proximate analysis of coal. 

The prevailing method of proximate analysis, though unscien- 
tific and far from satisfactory, is still capable of affording infor- 
mation which is valuable, as chemists and geologists know, 
both as a preliminary to more extended scientific examination 
and as to the value of coal for one or the other of the uses to 
which it may be put asa fuel. But in practice such wide diver- 
sity exists in the details of this method that the analysis of dif- 
ferent series of coals, made by different chemists, are seldom of 
much value for purposes of comparison, since concordant results 
are only to be attained by a rigid adherence to a certain order 
of procedure. 

This matteris of great importance to geologists and chemists 
as well as to those who contemplate investing in coal 
properties and to many large consumers of coal. A uniform 
method of analysis, which should also cover the determination 
of sulphur in coals seems therefore very desirable, and the adop- 
tion of such a method can most readily be brought about by the 
authoritative sanction of the American Chemical Society. 

I would make the suggestion that a committee of chemists 
experienced in coal analysis be appointed with instruction to 








(20) 


gather from all sides the views of those whose opinions are likely 
to be of value in connection with their own, and from the data 
thus collected to formulate in minute detail a method which may 
come to be accepted as the one by which all analysis of coal and 
coke in this country shall be made. 

It is not necessary that a novel method be devised, but only 
that the diversity in detail now practiced be reduced to uniform- 
ity by the selection of those features which in the judgment of 
the committee will most nearly meet the exigencies of the case. 

Yours with respect, 
Cuas. D. WALCOTT. 
Director. 

On motion of Prof. Edward Hart it was resolved that the 
President appoint a committee of three to take into consideration 
Prof. Walcott’s communication and present a report upon the 
same at the Summer meeting. 

After some announcements by the General and Local Secre- 
taries, A. A. Bennett reada paper on ‘‘ The Quantitative Deter- 
mination of the Halogens in the Presence of Each Other;’’ and 
Wm. McPherson presented a paper on ‘‘ Constitution of Oxyazo- 
benzene.’’ The latter was discussed by Drs. Prescott, Hart and 
Mabery.- 

In the absence of the author a paper by Willis E. Everetteon 
the ‘‘ Method of Analysis of Nickel and Cobalt in Ores,’’ was 
read by the General Secretary, and was afterwards discussed by 
Drs. Mabery and C. B. Dudley. 

A. B. Prescott then presented a paper prepared by himself and 
S. H. Baer on the ‘‘ Melting Points of Certain Homologous Pyr- 
idine Derivatives,’’ and this was followed by another paper enti- 
tled ‘‘ Pyridine Alkyl Hydroxides,’’ by the same authors. These 
papers were discussed by Drs. Fireman, Smith and Hart. After 
some announcements the session adjourned. 

In the afternoon visits were made to various works in Cleve- 
land, and in the evening the laboratories and lecture rooms of 
Adelbert College and the Case School of Applied Science were 
inspected, after which the Society held an evening session. 

The evening session of the Society was called to order by 
President Smith, at 8.15 P. M. in the Chemical Lecture Room of 
the Case Schoolof Applied Science. After some announcements 
by the General Secretary, Dr. Chas. F. Mabery was introduced 
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and delivered a very valuable and interesting address upon pe- 
troleum. Prof. Mabery gave an account of the experimental 
methods, products, and results connected with work now in 
progress on American petroleums. The different forms of stills 
employed in fractional distillation both under atmospheric pres- 
sure and in vacuum were shown, together with the apparatus 
for distillation under diminished pressure when many operations 
are in progress. The determination of sulphur in gases, liquids, 
and solids was described and illustrated by the apparatus. 

Representative crude oils from the Oil Springs and Petrolia 
fields in Canada, from the Lima and Findlay fields in Ohio, and 
the Berea grit sandstone in Ohio were exhibited and their com- 
position given as well as the composition of representative oil 
rocks,—the Corniferous limestone, the Trenton limestone, and 
the Berea Grit sandstone. 

A distillation now in operation for the separation of the bu- 
tanes and pentanes from a very light gasoline (92°) in which a 
distillate was collecting below —10° was shown in operation, 
together with other distillates with low boiling points, and their 
halogen derivatives which are now under examination for the 
purpose of establishing the identity of the butanes. The puri- 
fied octanes and some of their halogen derivatives were also 
described. 

Prof. Mabery read a letter from Professor Markownikow of 
Moscow, which stated that Professor Markownikow had given 
no attention to Pennsylvania petroleum. Inone of his papers, 
the suggestion had been made that the Pennsylvania oil might 
prove to contain the naphtenes. This assertion from Professor 
Markownikow was obtained to correct the erroneous statements 
in German and American works on petroleum that Markowni- 
kow had examined Pennsylvania petroleum. 

Professor Mabery exhibited many specimens of hydrocarbons 
which had been separated from Berea Grit, Ohio, Canada, and 
Pennsylvania petroleums for the purpose of ascertaining the 
composition of these oils above 150°. 

A number of specimens of sulphur compounds, including sul- 
phides and unsaturated hydrocarbons were shown that had been 
separated from Canadian petroleum. 
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After the address several questions were asked of Dr. Mabery 
and various points were discussed by Drs. Dudley and Prescott ; 
Profs. Moulton and Breneman and Mr. Frasch. Upon motion 
of Dr. Hale, the Society passed a unanimous vote of thanks to 
Dr. Mabery. The evening session then adjourned. 

The morning session of Tuesday, December 31st, was called 
to orderby President Smith atg.10 A.M. After some announce- 
ments by the General Secretary, the President named the mem- 
bers of the Committee on Coal Analysis, in accordance with the 
request received by communication from Prof. Walcott. The 
committee named were: Drs. W. F. Hillebrand, C. B. Dudley, 
and W. A. Noyes. 

Mr. James Otis Handy then read a paper on ‘‘ Improved 
Methods forthe Analysis of Aluminum, Alumina and Bauxite ;’’ 
this was followed by a paper on ‘‘ The Cyanide Method of Ex- 
tracting Gold from its Ores,’’ by Wm. J. Martin, Jr., read by 
the General Secretary in the absence of the author. 

A paper on ‘‘ The Use of the Calorimeter in Detecting Adul- 
terations of Butter and Lard,’’ by E. A. de Schweinitz and James 
A. Emery, was read by Prof. Sabin, the authors of the paper 
being absent. Prof. Sabin also discussed some of the points 
contained in this paper. 

A paper by H. W. Wiley on ‘‘ Determination of the Heat of 
Bromination in Oils,’’ was read by. Dr. C B. Dudley, Dr. Wilev 
being absent. This paper was discussed by Dr. Dudley and 
Prof. McPherson. . 

After some announcements by Dr. Mabery regarding the after- 
noon excursion, a paper on ‘‘ Technical Analysis of Asphaltum’’ 
by Miss Laura A. Lynton was read by Dr. Prescott, and was 
discussed by Prof. Sabin, Drs. Mabery and Prescott. 

A paper on ‘‘ The Microscopic Detection of Beef Fat in Lard’’ 
by T. S. Gladding, was read by Dr. Hart, after which Prof. F. 
W. Clarke’s Annual Report on the Atomic Weights of the Ele- 
ments was read by Prof. Breneman and discussed by Drs. E. F. 
Smith, Edward Hart, and C. B. Dudley. 

The report of the canvassers for the election of officers for the 
year 1896 was presented by the Secretary and the following 
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named persons were declared elected : President, Chas. B. Dud- 
ley ; General Secretary, Albert C. Hale; Treasurer, Chas. F. 
McKenna ; Librarian, Frank E. Dodge. Directors to serve two 
years: Chas. F. Chandler, Peter T. Austen, Chas. E. Munroe, 
Albert B. Prescott. Councilors to serve three years: J. W. 
Mallet, Albert B. Prescott, T. H. Norton, G. C. Caldwell. 

The retiring President, E. F. Smith, then introduced the 
President-elect, Chas. B. Dudley, with a few congratulatory 
words to the Society in having secured a man so worthy to 
occupy the position. After a brief and appropriate response by 
Dr. Dudley, he was requested to occupy the chair while the 
retiring President presented his address on ‘‘ A Glance at the 
Field of Electro-Chemistry. 

On motion of Prof. Sabin, the Society passed a vote of thanks 
to the Mayor and the Cleveland Chamber of Commerce, the 
Western Reserve University, Case School of Applied Science 
and the Cleveland Chemical Society for their kind invitation to 
hold the Twelfth General Meeting of the American Chemical 
Society in Cleveland, and for the courtesies extended to the 
Society during their meeting. The thanks of the Society were 
also voted to the members of the Local Committee on Arrange- 
ments, to the proprietors and managers of the various works 
visited, to those who received the chemists and conducted them 
through the works, and to the persons who conducted the 


” 


various excursions and visits. 

Upon motion of Dr. Dudley, a vote of thanks was given to 
the retiring President, the General Secretary and the Editor for 
the highly satisfactory manner in which they had discharged 
the duties of their respective offices and to those who had pre- 
pared papers for the meeting. 

Dr. Mabery, President of the Cleveland Chemical Society, 
expressed the great pleasure felt by the people of Cleveland at 
the honor the Society had conferred upon them in visiting their 
city, and also the appreciation which they felt of the advantages 
this visit had conferred upon them. 

Dr. A. B. Prescott, one of the ex-Presidents of the Society, 
was called upon by President Smith for some remarks, and 
spoke briefly of the rapid growth of the Society, not only in 
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numbers but also in general tone and character of its work. 
The Twelfth General Meeting of the American Chemical Soci- 
ety was then adjorned. 
ALBERT C. HALE, 
General Secretary. 


EXCURSION TO THE WORKS OF THE GRASSELLI CHEM. CO.' 


This was the only excursion scheduled for Tuesday afternoon, 
December 31. It was joined by nearly every visiting and local 
chemist and was in charge of Mr. Edwin F. Cone, experimental 
and research chemist of the company. Chemists to the number 
of seventy-five assembled at a convenient locality and were trans- 
ported by electric cars to the plant of the company located in 
the southern part of the city. Here they were met by Messrs. 
EK. -R. Grasselli, T. S. Grasselli, J. P. Lihme, gentle- 
men of the operating department, and others, and were 
escorted through the plant. This company operates ten different 
large chemical plants in various parts of the country, one of the 
largest being the works visited in Cleveland. 

The following were the points of interest that were inspected : 

Sulphuric Acid.—Several systems are operated here for burn- 
ing lump and fine ore, the latter being especially adapted for 
such work. Only pyrites is burned obtained from different 
parts of this country and abroad. The construction of these plants 
was found to be modern and the equipment equal to the best. 

In connection with these systems are the concentrating plants 
where sulphuric acid in large quantities is concentrated to its 
various commercial strengths. 

Nitric Acd.—In this plant nitric acid was seen in process 
of manufacture from Chile saltpeter on a large scale. In con- 
nection with this wasa plant for the production of different 
grades of acid for the trade. 

Hydrochloric Acid.—This plant comprises various modern 
devices for the manufacture of numerous qualities of muriatic 
acid. Sodium chloride and nitre-cake are used to a large 
extent. Salt-cake from these plants is worked up in large 
quantities and sold to glass manufacturers. 


1 This description, written by E. F. Cone, was received too late for insertion in the 


report of the General Secretary 
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Mixed Acids.—In this department sulphuric and nitric acids 
of proper strengths are mixed in such proportions as the trade 
demands and sold in large quantities to dynamite manufacturers. 

Glycerol.—This plant is adapted to the manufacture of chem- 
ically pure glycerol, which is obtained on the large scale from 
crude glycerol by distillation with steam. This department 
has achieved considerable reputation for the quality of the prod- 
uct, which is equal in every respect to any in the market. 
Great care is exercised in its manufacture and many chemical 
tests made to insure a high-grade article. A beautiful product 
is made and each visitor was presented with a small bottle as a 
souvenir. 

Ammonia.—In this extensive plant large quantities of ammo- 
niacal liquor are worked up into all grades of aqua ammonia, 
ammonium sulphate and other ammonia products. 

Laboratories.—The different laboratories were visited and 
chemists were found busy in many operations of interest to the 
analytical and research chemist. 

The extensive shops of the company as well as the sal-soda 
and Glauber’s salt plants were also visited. 

A pleasant and agreeble surprise awaited the party after the 
tour of inspection. In the work’s office of the company a spread 
was served, in every way adapted to appease the hunger and 
quench the thirst caused by the long tour of the afternoon. 
After the cigars had been passed and a social chat indulged in, 
the party were transported back to the city by cars. The excur- 
sion was voted by one and all a most delightful and instructive 


one. 


BOARD OF DIRECTORS. 

Resolved, Thatthe Editor beand he is hereby instructed to mail 
regularly to the Secretary of each Local Section of the American 
Chemical Society a copy of the Journal for the use of the sec- 
tion, upon written request of the Chairman and Secretary of the 
Section. 

NEW MEMBERS ELECTED DECEMBER 26, 1895. 

Bartlett, Edwin J., Dartmouth College, Hanover, N. H. 

Bomberger, F. B., College Park, Md. 
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Boot, Johannes Cornelius, 24 Kast 20th St., N. Y. City. 
Gray, Marietta, care ot University of Nebraska, Lincoln, Neb. 
Hilliard, H. J., 204 Columbia Heights, Brooklyn, N. Y. 
Hollinger, Myroen John, Sharpsville, Mercer Co., Pa. 
Hunicke, H. Aug., 1219 Mississippi Ave., St. Louis, Mo. 
Skinner, W. W., College Park, Md. 

Summers, Bertrand S., Western Electric Co., Chicago, II]. 
Wigfall, Edward Newton, 1822 Arch St., Phila., Pa., 


ASSOCIATES ELECTED DECEMBER 26, 1895. 


Allison, William O., William St., N. Y. City. 
White, Richard A., Grand Central Station, N. Y. City. 


NEW MEMBERS ELECTED JANUARY 18, 1896. 


Bartow, Edward, Williamstown, Mass. 

Battle, H. B., Ph.D., Raleigh, N. C. 

Foulk, Chas. W., B. A., Ohio State Univ., Columbus, Ohio. 
Fox, H., 1224 Rookery Building, Chicago, III. 

Graves, George H., 358 State St., Bridgeport, Conn. 
Hall, Clarence, Aetna, Lake Co., Indiana. 

Hartwell, Burt L., B.Sc., Kingston, R. I. 

Hicks, Edwin F., 52 Beaver St., N. Y. City. 

Hopkins, Cyril George, 204 So. 4th St., Champaign, III. 
Magrunder, E. W., Johns Hopkins Univ., Baltimore, Md. 
McGeorge, Arthur, 205 West 78th St., N. Y. City. 
Pickering, Oscar W., 2 Milk St., Newburyport, Mass. 
Pitman, John R., Frankford Arsenal, Phila., Pa. 

Rhodes, Edward, Highfields, Fordsham, Cheshire, Eng. 
Sargent, Chas. S., B.Sc., Peace Dale, R. I. 

Seal, Alfred Newlin, 1418 Bouvier St., Phila., Pa. 
Warwick, Arthur William, Wickes, Mont. 

Williams, Charles B., B.S., Raleigh, N. C. 

Woodcock, Reginald C., 636 West 55th St.. N. Y. City. 
Tennille, Geo. F., Ph.D., 519 West 33rd St., N. Y. City. 


ASSOCIATES ELECTED JANUARY 18, 1896. 


Brenke, Wm. Chas., 506 South 5th St., Champaign, Il. 
Gazzolo, Frank Henry, 930 West Green St., Urbana, Ohio. 
Keeler, Harry, 506 South 5th St., Champaign, Il. 


CHANGES OF ADDRESS. 
Grosvenor, W. M., Jr., New J. H. Wolfe Hotel, Cripple 
Creek, Colo. 
Guild, F. N., College of Mont., Deer Lodge, Mont. 














Johns, John, care of The Guppinheimer Smelting Co., Perth 
Amboy, N. J. 

Jones, L. J. W., 2126 High St., Denver, Colo. 

Maury, Geo. P., Braddock, Pa. 

Munsell, C. E., 100 Horatio St., N. Y. City. 

Parmly, Dalton, 9123 Ontario Ave., Chicago, III. 

Prochazka, G. A., 138 W.. 13th St., N. ¥. City. 

Rosell, C. A. O., 841 Broadway, N. Y. City. 

Townsend, Clinton, U. S. Patent Office, Washington, D. C. 

Voorhees, S. S., 2101 G St., N. W., Washington, D. C. 


MEETINGS OF THE SECTIONS. 
WASHINGTON SECTION. 

A meeting was held November 14th, 1895. President Mun- 
roe in the chair, with thirty-five members present. 

Messrs. H. B. Hodges and Allan Wade Dow were elected as 
members, and Messrs. W. W. Skinner and F. B. Bomberger as 
local associates. 

Dr. Marcus Benjamin read a paper on ‘‘ The Smithsonian In- 
stitution’s Contributions to Chemistry from 1846 to 1896.’’ He 
recalled the fact that Smithson was regarded as one of the most 
‘expert chemists in elegant analysis and thought this fact had 
much to do with the provision made for a chemical laboratory 
in the original program of the Smithsonian Institution. He 
then traced the history of the laboratory of the institution, men- 
tioning the many chemists who have occupied it and whose work 
has been published by the institution. Among these were J. 
Lawrence Smith, Dr. Robert Hare, Edward W. Morley, Genth, 
Gibbs, Booth, Carrington Bolton, Clarke, Traphagen, Magee, 
and Tuckerman. The paper was concluded witha bibliography 
of the chemical papers published by the Smithsonian Institution. 

Mr. Cabell Whitehead presented ‘‘ Some Notes of a Recent 
Visit to European Mints.’’ In the discussion of this paper ref- 
erence was made to the explosions so common in the lighting of 
a Buffalo Dental Company’s muffle furnace. Mr. Dewey said 
that these explosions can be avoided by raising the whole body 
of the furnace by a simple arrangement of movable levers and 
then slipping a lighted paper over the burner. 
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Under the title ‘‘ Calcium Phosphide,’’ Prof. Chas. E. Mun- 
roe described the process of manufacture which he invented and 
carried into operation at the U. S. Naval Torpedo Station in 
1891. Iron crucibles were employed in which quicklime was 
heated to redness, when white phosphorus in sticks was added 
through an iron tube which passed through the cover. The 
process was so simple that it was eventually carried on by 
unskilled laborers. The phosphide was produced at a cost of 
twenty cents per pound, while in the market it was selling for 
$2.25 per pound. It was manufactured for use in automobile 
torpedoes while at practice, and was found so efficient that when 
a pound in its container was submerged in eighteen feet of water 
it gave a flame on the surface two feet in height, which con- 
tinued to burn intermittently for three hours. 

Discussion was by Messrs. Whitehead, Stokes, Kelly and 
Fireman. 

NEW YORK SECTION. 

The regular monthly meeting of the New York Section was 
held at the College of the City of New York, 23d street and Lex- 
ington avenue, on Friday evening, January roth. The usual 
informal dinner preceded the meeting. 

The meeting was called to order at 8:30. Prof P. T. Austin 
in the chair ; about seventy members present. After the reading 
of the minutes, Mr. Eimer was asked to describe some improved 
and novel apparatus which had been placed on exhibition by 
Messrs. Eimer & Amend. 

Mr. G. C. Hemming, M.E., delegate for the American Society 
of Mechanical Engineers to the International Conference at 
Zurich, 1895, reviewed the ‘‘ Present Status of Iron and Steel 
Analysis,”’ calling attention to the discrepancies in some recent 
work of different chemists in determining the constituents of 
the same quality of steel, with special reference to carbon and 
phosphorus, and to the omission of the direct determination of 
iron, which he thinks conducive to overlooking such elements 
as titanium, tungsten and others, which are more often present 
than the usual iron analysis would indicate, as they are but 
infrequently determined directly. 

He reviewed papers by German, French and English authors, 
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giving results of microscopic examination of iron, and methods 
of preparing the samples for examination, and described the 
group of carbon ‘‘ compounds’’ recognizable under the micro- 
scope by suitable methods of surface etching. 

He considers that the microscope has opened a field which 
marks a great advance in methods of determining the condition 
and quality of iron and steel, and thinks that chemical methods 
need great improvement to distinguish the conditions in which 
the carbon exists. 

Mr. Rossi in discussing Mr. Henning’s paper thought it would 
be very difficult, if not impossible, to recognize the different 
combinations of iron and carbon by chemical means, at least in 
the present state of chemical science, since there is so little out- 
side of physical characteristics to distinguish them. 

Prof. Breneman asked whether ina ‘‘ burned’’ iron the micro- 
scope would show an amount of magnetic oxide proportionate to 
the degree of deterioration of the iron. Mr. Henning replied 
that this was practically so; that the oxidation progressed from 
the surface inward, and a properly polished and etched specimen 
piece would show, when examined by powers over 800 diame- 
ters, the grains of oxide interlaced with the iron, in a form 
readily distinguishable from the iron. 

Dr. McKenna, while admitting the need for chemical methods 
of determining the number and kind of compounds, is of the 
opinion that physical methods must be employed in conjunction 
with chemical methods, and that while chemical methods may 
advance greatly, the physical methods ought never to be 
omitted or displaced. Prof. Breneman suggested that the manu- 
facturers would contribute greatly to the advancement of the 
matter by having the expensive chemical investigations required 
conducted in their own laboratories at the iron works, where the 
practical side is already highly developed and the material for 
research abundantly supplied ; and where the results are most 
wanted and can be instantly applied. He also brought out the 
looseness of the term ‘‘ compound’’ as used by the physicist, 
and urged the importance of keeping a clear distinction between 
the true chemical compound and the mixtures which were inac- 
curately termed compounds. In reply to these remarks, Mr. 








(30) 


Henning said that several steel and iron companies in this coun- 
try have already established very complete micrographic labora- 
tories, where in three hours an accurate determination of the 
condition of any specimen of the daily output may be secured. 

Mr. George C. Stone read a ‘‘ Note on the Probable Produc- 
tion of Permanganate by Direct Combustion of Manganese.’’ 

In discussing this note, Dr. Rosell called attention to the fact 

that potassium permanganate, when heated to a red heat, will 
decompose, and that the other permanganates behave in the 
same way. In fact, the permanganates can only be made in the 
wet way. On the other hand, manganates are generally pro- 
duced in the dry way, and they will stand a very high temper- 
ature. 
If, therefore, a substance after having been heated to the tem- 
perature of the blast furnace, would dissolve in pure water with 
the well-known rich purple. color of a permanganate solu- 
tion, it seems almost certain that such a substance could not be 
a permanganate, but it could be a solution of a ferrate. 

It is, of course, also possible that the water used for dissolv+ 
ing the substance in question was not, pure, but accidentally 
contained some acid, whereby on dissolving, the manganate 
was converted into permanganate. 

A second paper by Mr. Stone was entitled ‘‘ Remarks‘on Mr. 
Auchy’s Paper on the Volumetric Determination of Manganese.’’ 
He reviewed the Volhard method and described the conditions 
under which he obtained the most satisfactory results. He 
found, that provided all the iron was oxidized, it made no dif- 
ference whether nitric, sulphuric, or hydrochloric acid were 
used. The only difficulty occurred when the amount of manga- 
nese was extremely small, in which case it was extremely diffi- 
cult to get the precipitate to cohere and give a clear solution in 
which to perceive the end reaction, 

Dr. E. R. Squibb presented a paper on the ‘‘ Manufacture of 
Acetone and Acetone-Chloroform from Acetic Acid,’’ in which 
he reviewed the history of acetone from its first mention to the 
Pelouze was quoted as mentioning acetic acid as 


present date. 
the best source of acetone, its vapor being passed through a red- 
hot tube filled with pumice stone. It was shown that this sub- 
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stance was well known prior to 1848 and had been made in large 
quantity prior to 1882. 

Dr. Squibb described his method of preparing acetone by 
destructive distillation of acetic acid, with water vapor in a 
rotary still. 

In regard to acetone-chloroform he quotes Liebig as giving 
the preference to acetone as the most suitable compound for the 
preparation of chloroform. 

The work of Bottger and Siemerling was described and the 
results obtained by them were reviewed. One-third of the ace- 
tone used was the largest yield of chloroform obtained by Bott- 
ger; its specific gravity was 1.31 and it always contained ace- 
tone. 

The misleading results of Siemerling’s work were accepted so 
implicitly and quoted so definitely in standard works of refer- 
ence that the further progress of the manufacture of chloroform 
from acetone was for many years obstructed, and patents have 
been issued in which the claims were based on supposed im- 
provements on these erroneous results. 

The last paper of the evening, ‘‘ Some Notes on Highly Com- 
pressed Gases,’’ was read by Mr. J. S. Stillwell. He described 
some investigations which had been made of certain explosions 
of the containing cylinders. 

Some investigators had claimed that the passage through a 
minute orifice of light under high pressure, 2,500 pounds to the 
square inch, would create sufficient friction and consequent 
heating to cause explosive union with any oils or fat which 
might be present, and which might be volatilized by the men- 
tioned source of heat. The author had, in the course of prac- 
tical experience, tested this point over a hundred thousand 
times, and was satisfied that the heat never rose to the danger 
point under normal conditions of working, and that a heat 
approaching 400° F. was necessary before danger of explosion 
need be feared. This high temperature of the compressed gas 
was never reached, except through some careless or accidental 
want of properly cooling the compressor cylinder. 

The meeting adjourned at 11: 15. 
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LEHIGH VALLEY SECTION. 


The Annual Meeting of the Section was held in the laboratory 
of Lafayette College, Thursday, Jan. 16, at3 Pp. M. The ballots 
for the election were opened and counted according to the con- 
stitution, and the following were found to be elected for the en- 
suing year: 

Presiding Officer: Albert Ladd Colby. 

Secretary and Treasurer ; Albert H. Welles. 

Member of Executive Committee ; Edward Hart. 

A letter from the General Secretary of the Society of Chemi- 
cal Industry was read, thanking the Section for their kindness 
to Thomas Tyrer and Ludwig Mond. 

The Secretary was instructed to furnish abstracts of the pro- 
ceedings, to such journals as might ask for them. 

The following papers were presented by Edward Hart : ‘‘ Note 
on Some Curious Specimens of Zinc Oxid’’ ; ‘‘ Note ona Barium 
Blast Furnace Slag.’”’ 

He explained that some granulated zinc having been acci- 
dentally left in an earthenware crucible ina muffle over night, led 
to the discovery of a most curious formation of zinc oxide, and 
having designedly repeated the experiments, the results were 
exhibited. 

The barium blast furnace slag was from Nova Scotia. The 
ore contained 6.30 per cent. barium sulphate, and the slag 3.46 
per cent. barium oxide, as the chemist of the company reported 
it. The question was referred to Prof. Hart how to calculate 
the barium in the slag, and from the data which he gave he con- 
cluded it was neutral, the barium sulphate being reduced to 
barium sulphide, and existing as such in the slag. 

Prof. Richards called attention to the notable amount of alu- 
minum, vzz., sixty-three per cent. in the pig iron produced at 
the furnace mentioned. He cited a case of a furnace in the Ju- 
niata Valley, which, under abnormal conditions had produced 
as high as one per cent. aluminum, although, as is well known, 
the presence of metallic aluminum in pig iron is considered in- 


admissible by some authorities. 
Mr. Colby suggested that hereafter a topic be chosen for the 











evenings discussion, and a leader be appointed to open the dis- 
cussion and it was decided to adopt the plan at the next meeting. 
ALBERT H. WELLES, 
Secretary. 
NEBRASKA SECTION. 

A meeting of the Nebraska Sectipn was held on Thursday, 
Dec. 19, in the Chemical Laboratory of the University of Ne- 
braska. The meeting was a pronounced success in every way. 

The following papers were read : (1) ‘‘ The Occurrence of Na- 
tive Iron in Nebraska,’’ by Prof. H. H. Nicholson.’’ (2) ‘‘ The 
Effect of Freezing on the Salts in Solution in Spring and Well 
Waters. Preliminary Notice,’’ by Prof. H. H. Nicholson. (3) 
‘‘ The Description of a Shaking Apparatus for Laboratory Use,”’ 
by Mr. R. S. Hiltner. 

RHODE ISLAND SECTION. 

The December meeting of the Rhode Island section was held 
at Providence on Thursday evening, December 12, 1895, Chair- 
man, Mr. C. A. Catlin presiding. 

Dr. J. C. Hebden read a paper upon ‘‘ The Relation of Acid 
and Basic Properties of the Artificial Dyes to their Dyeing Pro- 
perties.’’ 

The paper was illustrated with diagrams and dyed samples of 
wool. 

The January meeting was held at Providence, Thursday even- 
ing, January 16, 1896, C. A. Catlin in the chair. 

A paper upon ‘‘ Amphoteric Reaction of Milk’’ was read by 
W. M. Saunders. After mentioning the results obtained by 
various investigators upon the subject, the reader described the 
experiments performed by himself. The milk of about seventy- 
five cows was examined as to the reaction to litmus paper. The 
larger number gave a neutral reaction to litmus, the remainder 
an acid or alkaline reaction in about equal proportion. Cows 
giving milk with an alkaline reaction to litmus on one day gave 
the acid reaction a few days later. 

CINCINNATI SECTION. 

The Section met in regular session Wednesday, January 15, 

1896, President Twitchell presiding. 











(34) 


Mr. F. Homburg, chairman of the committee appointed to 
draft resolutions on the death of Prof. C. R. Stuntz, reported the 
following : 

‘* Since it has pleased Providence to call from his labors to 
rest, Prof. C. R. Stuntz, we, the members of the Cincinnati Sec- 
tion of the American Chemical Society, through our committee, 
desire to express our deep sorrow at the loss of our esteemed 
friend and colleague, and also our sincere sympathy with all who 
mourn his death. 

‘‘ His genial disposition, his courteous bearing, his devotion 
to science and learning in general, and to the success of our or- 
ganization in particular, we keenly appreciate. 

‘‘ The legacy of his noble example will tend to alleviate the 
distress caused by his departure. 

‘“F, HOMBURG, 
*“Dr.S. P. KRAMER, 
‘* RK. TwIitCHELt, 
‘‘H. B. Foore, 

‘* Committee.’’ 

On motion of Dr. Springer, the resolutions were adopted, and 
the committee was instructed to send a copy tothe family of 
the deceased. 

Mr. H. B. Schmidt, of Cincinnati, was elected a member of 
the Section. 

Papers were read on ‘‘ Mercury : Its Occurrence and Produc- 
tion,’’ by Frank I. Shepherd ; and ‘‘ A Few Notes on the Deter- 
mination of Lead,’’ by J. Hayes-Campbell. 
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HE reactions of benzoin with a great number of bodies 
have been very extensively studied, but except the work 
of Anschtitz and Gelderman’ with urea and thiourea, no work 
has been done with the extensive class of acid amides. It was 
with the view of studying how these bodies would react with 
benzoin that this work was undertaken. It seemed very proba- 
ble that by heating the amides with benzoin a condensation 
would be effected, as the hydrogen and the amido group of the 
former, as well as both the carbonyl and hydroxyl group of the 
latter, are very reactive. It was hoped in this way to prepare a 
series of condensation products from the amides of the homolo- 
gous acids of the fatty and of the aromatic series. With this 
object in view, benzoin was heated in sealed tubes with various 
acid amides, in the presence of alcohol as a solvent, in varying 
proportions and under different conditions of time and of tem- 
perature. 
Instead of finding the expected series of condensation prod- 
ucts, however, it was discovered that with all the simple amides 


of both the mono- and dibasic acids of the fatty series, and with 
1 From the author’s thesis presented to the University of Pennsylvania for the Degree 


of Ph.D., 1895. 
2 Ann. Chem. (Liebig), 261, 129. 
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two examples of the amides of the aromatic series, the reaction 
was preceded by the breaking down of the amide and the subse- 
quent action of the ammonia on the benzoin, giving as the chief 
product of the reaction tetraphenylazine C,N,(C,H,),. The 
constitution of this body has been very carefully worked out by 
Japp and Wilson’ and Japp and Burton.* 

Not until after the action of several of the series had been 
tried with benzoin was the above conclusion reached, hence the 
following is a record of the reactions tried and of the results 
obtained. ‘The work was carried out to a great extent in sealed 
tubes, the yields obtained were in many cases very small, the 
separation of the bodies produced difficult, and in some cases 
impossible, while the analyses were frequently extremely troub- 
lesome, as tetraphenylazine is remarkably stable and, as the 
experience of others has also shown, very difficult to analyze. 
As an instance of this, in one analysis, after six hours heating to 
redness with oxide of copper in a current of oxygen, graphitic 
carbon was found still remaining in the bottom of the boat. 
Later chromate of lead was used and the difficulties in great 
measure overcome. 


I. GENERAL METHOD PURSUED IN STUDYING THE REACTIONS. 


As the reactions of benzoin, with ten different amides, were 
studied, and the identification of the products proved more diffi- 
cult than was anticipated, no attempt was made to induce con- 
densation by means of dehydrating agents. In all the experi- 
ments, unless otherwise stated, benzoin and the amide, in defi- 
nite, but varying proportions, were heated together with alcohol 
in sealed tubes. The amount of alcohol used at first was 
considerable, but the loss from explosions was so great that 
eventually the tubes were filled to but one-fifth or sixth of their 
capacity. When the tubes were opened there was generally a 
very considerable pressure. The presence of ammonia was very 
evident, and in many cases an ethereal odor was easily detected. 
Even if no ammoniacal odor could be detected, the alkaline reac- 
tion of the tube contents was always decided. Analyses of the 
gases obtained from the tubes showed from twenty-five per cent. 


1/7, Chem. Soc., 49. 825 
2 Jbid, 49, 843, and 51, o8 
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to thirty-three per cent. of freeammonia. Asthe chief product of 
the reaction was identified as tetraphenylazine, and the accom- 
panying bodies were those also produced by the action of 
ammonia on benzoin, there can be no doubt as to the interpre- 
tation ofthe result. Under the influence of the heat and alcohol 
the amide breaks down with the liberation of ammonia, and the 
formation of an ester with the alcohol. The ammonia then 
reacts with the benzoin, as has been already studied by Japp, 
Wilson and Burton.' 

Japp and Wilson, in their study of the action of ammonia on 
benzoin, have reviewed the ground previously studied by Laurent’ 
and by Erdmann* and found the products of the reactions to be 
tetraphenylazine C,N,(C,H,),, benzoinam C,,H,,N,O, benzoini- 
dam C,,H,,NO,, and lophine C,N,H(C,H,),. In the study of 
the products of reaction with the amides, the presence of tetra- 
phenylazine was proved in all cases, the presence of lophine in 
but one, benzamide, while another body was obtained which 
proved to be a mixture of the benzoinam and benzoinidam of 
Japp and Wilson. 

The tetraphenylazine was identified by analysis, melting point, 
crystalline form, solubilities, color reaction with sulphuric acid, 
and also by adetermination ofthe molecular weight. Inthe work, 
as given in detail later, some or all of these means of identifica- 
tion were used in each case. Lophine was identified by its 
melting point. It was only obtained with benzamide as the 
reacting body, and then only in very smallamount. The appar- 
ent reason for its occurrence in this case will be discussed under 
the work with benzamide. 

The other body obtained had, under various conditions, differ- 
ent melting points, and did not give concordant results when the 
different preparations were analyzed. Various methods of frac- 
tional crystallization and sublimation were tried to separate it 
into bodies of definite composition, but without success. With 
the exception of its solubility in alcohol, ail its reactions indi- 
cated, as already stated, a mixture of benzoinam and benzoini- 


dam. 
1 Loc. cit. 
2 Jsh. phys. Wi 18, 354, and 26, 266. 
3 Am. Chem. (Liebig), 135, 181 
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This action of the acidamides with benzoin, as essentially that 
of ammonia alone, is entirely in accord with the results obtained 
by Mason.’ He found that oxamide and acetic acid heated 
together in sealed tubes at 220°—230°, reacted with the formation 
of acetamide. 

II. ACTION OF THE AMIDES OF THE FATTY SERIES UPON 
BENZOIN. 


a. Malonamide and Benzoin.—Malonamide and benzoin, in 
molecular proportions, were heated with alcohol on the water- 
bath in a flask connected with a return condenser for an hour. 
An examination of the material showed that no change had 
taken place, only benzoin and malonamide being found. The 
two bodies, in the same proportion, were then heated with alco- 
hol in a sealed tube to 110° in a paraffine bath. As no change 
took place the tube was then heated at temperatures varying 
from 130° to 190°, with but little apparent change. The tube 
was then heated for eighteen hours at 200°. When opened a 
considerable pressure was evident and the odor of ammonia was 
very decided. The contents of the tube were poured out, and 
the crystals which had separated were filtered from the deep 
yellow liquid, pressed between filter-paper and treated several 
times with warm chloroform. Everything dissolved except a 
small amount of unchanged malonamide. The filtered solution 
was then evaporated nearly to dryness, the residue warmed with 
alcohol to remove coloring-matter, boiled four times with alco- 
hol, and the insoluble portion dissolved in chloroform. From 
the first alcoholic filtrate on cooling crystals were obtained, 
melting, not at all sharply, at 190°-217°. The second filtrate 
gave white needles, melting at 192°-206°; the third filtrate crys- 
tals of the same form in lessamount, melting at 193°-206°. The 
other two alcoholic filtrates yielded thicker needles in small 
quantity, melting at 243°-244°. 

The three portions of crystals with the lower melting point 
were united and alternately treated with warm and boiling alco- 
hol. By this means a series of products was obtained with all 
degrees of melting points between 193° and 220°. As the mate- 


17. Chem. Soc., $5, 107 
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rial is all easily soluble in chloroform and in benzoin, this gave 
no means of separation. An attempt at separation by means of 
sublimation was equally unsuccessful, the products showing the 
same wide range of melting point. 

The three lots of crystals with high melting point and evi- 
dently much less soluble in alcohol than the other body were 
united, warmed with alcohol, and the residue dissolved in 
chloroform. On concentration of the solution large transparent 
crystals were obtained with a melting point of 245°. 

The above method of separation and purification has been 
given in detail, as it was used with all the amides. Many por- 
tions of benzoin and malonamide were subjected to the above 
treatment, and the product with the melting point of 245° was 
proved to be tetraphenylazine by the results of the following 


examination : 
Substance. H,O Co, 
F 0.1351 0.0611 0.4384 
HT. 0.1416 0.0637 0.4585 
ait. 0.1339 0.0568 0.4343 
EV 0.2004 gram burned with copper oxide gave 13.8 cc. nitro- 


gen at 26° and 764 mm. 


Calculated for 


Tetraphenylazine. Found. 

CosHooNs t II. III. IV. 
Carbon 87.50 88.49 88.30 88.45 sev eeee 
Hydrogen 5.21 5.02 4.99 re, . or 
Nitrogen 7.290 = = ccsesss eevese «ss vw ove 7.68 


The melting point of tetraphenylazine as given by Japp and 
Wilson is 246°; the melting point as obtained for the body 
under consideration is 245° (uncorrected). 

The molecular weight determination was made by the Raoult 
method, using benzene asthe solvent. A Beckmann thermome- 
ter, graduated to 0.01", was used, with the well-known Beck- 
mann apparatus. The results were as follows : 

L= 21.8262 


C= o.162 
P 100== 27.30 
Hence CL= 3.5358 
A= 0.129! 
1=379-5 
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With concentrated sulphuric acid this body gives a beautiful 
red color, a very characteristic reaction for tetraphenylazine. 

An analysis of the gas from one of the tubes in which the 
benzoin and malonamide had been heated, showed twenty-nine 
per cent. of ammonia. 

b. Oxamide and Benzoin.—Oxamide and benzoin were heated 
together in molecular proportions at about 200°. The reaction 
at times took place with violent explosions and appeared to 
require a temperatere of 200°, as below this repeated attempts 
failed to produce any change. The bodies obtained were sepa- 
rated by the method already described. ‘They were identical 
with those yielded by malonamide. One of them melted at 244°, 
gave a red color with concentrated sulphuric acid and crystal- 
lized from chloroform in prisms of the usual form. A molecular 
weight determination was as follows : 


L.= 20.5973 
c= 0.201 
P 100= 29.19 
Hence CL = _= 4.1400 
A= 0.1418 
M= 345.6 
C.N,(CsH;),= 384 


The other body gave an indefinite melting point from 193°- 
217. Repeated crystallization failed to produce any body with 
a definite melting point. 

I. 0.1073 gram burned with copper oxide gave 5.1 cc. nitro- 
gen at 23° and 766.5 mm. = 5.39 per cent. nitrogen. 

II. 0.1005 gram gave 4.9 cc. nitrogen at 25° and 763 mm, = 
5-44 per cent. nitrogen. 

Analyses of samples of gas from the tubes showed from 
twenty-five to thirty-three per cent. of free ammonia. 

c. Succinamide and Benzoin.—Benzoin and succinamide were 
heated in molecular porportions at 200° for thirty-five hours. 
When the contents of the tube were treated in the usual way 
no unchanged succinamide remained, showing a complete 
decomposition. From the chloroform solution the same body 
separated in the usual crystalline form, melting at 245° and giv- 
ing a deep red color with sulphuric acid. A molecular weight 
determination gave the following results : 
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L, =17.9414 
= Obs 
P 100== 27.73 
Hence CL = 3.1397 
A= 0.1381 


M = 


4+ 





35 
C.N,( C,H; ), = 384 

From the alcoholic filtrates white crystals were obtained melt- 
ing from 192°-207°, with in one instance a small portion not 
melting until 216°. The analysis gave the foliowing : 

0.1033 gram burned with copper oxide gave 5.9 cc. nitrogen 
at 26.5° and 761 mm. = 6.32 per cent. nitrogen. 

It will be noticed that this analysis shows a considerable dif- 
ference from that of the similar body obtained from oxamide. 
This is another reason for supposing this body to be a mixture 
of benzoinam and benzoinidam. The former has the formula 
C,.H,,N,O, giving 6.93 percent. nitrogen and melting at ‘‘tempera- 
tures varying from 190-220’, according as the temperature was 
raised slowly or rapidly.’’ The latter has the formula C,,H,,NO,, 
giving 3.45 percent. nitrogen, and melting at 199°. Thata mixture 
of these two bodies would give the results obtained as mentioned 
above, is natural. Inthe work of Japp and Wilson sufficient 
alcohol was put in the tubes to hold in solution much of the 
material produced, and hence the two bodies were separated. 
In the reactions, as carried out with the acid amides, the pres- 
sure of the evolved gases was so great that but little alcohol 
could be used. Hence only a small amount of the material pro- 
duced was held in solution by the alcohol. This fully accounts 
for the non-separation of the two bodies by the method described 
by Japp and Wilson. 

In order to compare the bodies obtained by the action of the 
amides upon benzoin with those obtained by the method as 
described by Japp and Wilson, benzoin was heated in sealed 
tubes with alcoholic ammonia. One tube was heated at 150°- 
180° for eight hours. The contents were then examined in the 
usual way and by means of the melting-point tetraphenylazine 
was found to have been formed, together with a body melting 


finally at 210°, but softening much below this. A second tube, 
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heated at 200° for several hours, also showed the formation of 
tetraphenylazine, but only very slight traces of any body melt- 
ing at about 200°. But what was doubtless lophine was found 
in considerable amount, as shown by the isolation of a body 
melting at 272°. These reactions indicate that at higher tem- 
peratures lophine is produced, while at lower temperatures ben- 
zoinam is obtained in larger amount. This conclusion is 
strengthened by the observation that with only one amide was 
any lophine detected. ‘This was with benzamide, which did not 
react with benzoin, except at temperatures much above those 
used with the other amides. It is true that the temperature at 
which the other amides react without producing lophine was 
equal to or even above that at which lophine was formed by the 
direct action of alcoholic ammonia. But this could be caused 
by the greater heat required for the breaking down of the 
amides. It seems quite possible that this might offer a means of 
studying the constitution of benzoinam. 

d. Acetamide and Benzoin.—Benzoin and acetamide, in molec- 
ular proportions, heated together at 150° for four hours, did 
not react. Further heating at 190°-210° for six hours was also 
without effect. Ina second tube the amount of acetamide was 
doubled and the tube heated for six hours at 150°, without any 
reaction taking place. Inthe next experiment four times the 
molecular quantity of acetamide was used for the benzoin 
employed, making about two grams of each and the tube was 
heated at 190°-210° for nearly six hours. When opened the 
odor of ethyl acetate was very evident, and an examination of 
the material showed that a reaction had taken place. Another 
tube with four grams of each was then heated at 190°-200° for 
six hours. When opened the odor proved both ethyl acetate 
and ammonia to be present. By means of repeated boilings 
with alcohol the usual bodies were separated and identified. 

The tetraphenylazine melted at 242°, gave a deep red color 
with concentrated sulphuric acid, and crystallized from chloro- 
form in the usual prismatic crystals. From the earlier alcoholic 
extracts bodies were obtained, melting at 192°-194° and 206°- 
209°. The yields were very small; but these observations 
would indicate that the reaction had taken place in the same 
manner as shown before. 
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e. Butyramide and Benzoin.—Butyramide was prepared by 
the method of Hofmann.’ 

In the first experiment 0.8 gram of the butyramide was heated 
with one gram of benzoin at 200° for six hours. Noaction took 
place. The tube was then heated for six hours at 250°; when 
opened the odor of ammonia was strong, and an ethereal odor 
was readily detected. A second tube, with double the above 
quantities of material, was then heated for eight hours at 200°, 
and for four hours at 220°. The contents of the two tubes were 
united and worked up as before with the usual results. The 
tetraphenylazine melted at 246°, gave an intense red color with 
sulphuric acid, and crystallized from chloroform in the usual 
prismatic form. ‘The body soluble in alcohol melted at 193°- 
205°. In this instance the tetraphenylazine did not appear to be 
the principal product of reaction, as it was produced in much 
less amount than the lower melting body. This differs very 
decidedly from the usual reaction. The yields were small. 

f. Valeramide and Benzoin.—In the first experiment with ben- 
zoin and valeramide one gram of each was used and the tube 
heated four hours at 200°. As no action had taken place it was 
then heated for several hours at temperatures varying from 
230 -280°. When opened the usual combination of ammoniacal 
and ethereal odors was observed. Examinations of the small 
amount of product showed that a reaction had taken place. 

To obtain more of the substance two more tubes, with larger 
amounts of material, were heated for several hours at from 220°- 
270°, until a change was evident. The contents of the three 
tubes were then worked up as before with the usual results. 
The yield obtained was very small, but tetraphenylazine was 
identified by the melting-point of 246°, the red color with sul- 
phuric acid and the crystalline form. The other body melted at 
193 -209°. As with butyramide, the relative proportion of the 
products was different from that observed with the amides of the 
dibasic acids, tetraphenylazine being produced in smaller 
amount than the other body. 

III. ACTION OF THE AMIDES OF THE AROMATIC SERIES UPON 
BENZOIN. 


a. Benzamide and Benzoin.—Molecular proportions of benzoin 


1 Ber. d. chem. Ges., 15, 981. 
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and benzamide were first heated together in an oil-bath at 120°. 
No action took place. The tube was then heated at 150°-160". 
‘xamination of the tube contents showed unchanged benzoin 
and benzamide and nothing else. A second tube, with the same 
amount of material (two grams of benzoin), was heated for six 
hours at 190°—200°, but without producing anyreaction. Another 
tube, with double the amount of benzamide heated at 190°-200° 
for several hours, gave the same results, unchanged benzoin and 
benzamide being found, without anything else. 

As these experiments had shown that benzamide would not 
react with benzoin under the same condition that the other 
amides did, further trials were made at higher temperatures, 
with better results. The first tube prepared with the amount of 
alcohol which had usually been used were all lost by explosion, 
at temperatures between 220 and 250°. The next tube pre- 
pared contained only a very small amount of alcohol with ben- 
zoin and benzamide in the molecular proportions of 1 to 2. It 
was first heated four hours at 250° without producing any 
change. Asecond heating for seven hours at 250°-260° was also 
without apparent action. Then for seven hours the tube was 
heated at 290°-300°, a portion of the time the temperature even 
rising to 360°. When the tube was opened there was no pres- 
sure apparent; the odor of ammonia was but slight, but the 
alkaline reaction of the liquid wasstrong. The yield of crystals 
obtained was very small, but melting point determinations 
showed that a change had taken place, with indications of the 
productions of tetraphenylazine and of some body with a higher 
melting point. 

Another tube, prepared in the same way, was heated for seven 
hours at 2507-265. As the crystals were deposited on cooling, 
the tube was opened and the contents examined. The yield 
was very small, but separation in the usual way, by means of 
boiling alcohol and chloroform, showed the formation of at least 
two bodies, which from their melting points indicated lophine 
and tetraphenylazine. ‘There was no indication whatever of the 
presence of the bodies with melting points of about 200° and 
which were found as a part of the products of reaction of all the 
other amides with benzoin. As the only different condition 
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here was that of higher temperature, the same conclusion is 
reached that was pointed to with the experiments with alcoholic 
ammonia and benzoin; z. é., the higher the temperature of reac- 
tion the less the amount of benzoinam and the greater the 
amount of lophine which is formed. 

b. Salicylamide and Benzoin.—When heated together in the 
proportions of two molecules of salicylamide to one of benzoin, 
for six hours at 200°, the reaction was easily induced. When 
the tube was opened a slight pressure was evident, the liquid 
had a faintly alkaline reaction, but no odor of ammonia, while 
that of a salicylic ester was very noticeable. An examination 
of the crystals obtained from the tube was made in the usual way 
by means of treatment with boiling alcohol and chloroform. 

Tetraphenylazine was found and identified by its melting 
point, color reaction with sulphuric acid and crystalline form. 
From the alcoholic extracts the usual body separated, with 
melting points varying from 192°-207°. Salicylamide therefore 
reacted just asthe fatty amide did. About one-fifth of the origi- 
nal amide used was found unchanged in the liquid drained from 
the crystals in the tube. 

In order to determine whether the amides would react with 
benzoin directly, without the intervention of a solvent, experi- 
ments were tried by heating them together in a dry condition. 

When malonamide and benzoin were mixed together and 
heated by means of a paraffine bath at about 160°, action com- 
menced and there was an evolution of gas, which proved to be 
ammonia. At 170°, the melting point of malonamide, the effer- 
vescence was very rapid. The heating was continued until the 
reaction had about ceased, and, on cooling, the reddish crystal- 
line mass was boiled with alcohol and the residue dissolved in 
chloroform. The melting point determinations showed that 
tetraphenylazine had been produced, with slight traces of ben- 
zoinam. 

Succinamide, when heated with benzoin in the same way, was 
also found to react with the evolution of ammonia. Benzamide, 
even when heated to 200° with benzoin, under the same condi- 
tions, was without action. These results are entirely in accord 
with those obtained in the presence of alcohol, and under pres- 


sure. 
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IV. THEORETICAL DEDUCTIONS. 


Although in the nature of a repetition, the results of this work 
with amides may be summed up as follows : 

Acid amides, heated with benzoin in alcoholic solution, do 
not yield condensation products in the true sense of the term, 
but break down with the liberation of ammonia and the forma- 
tion of an ester with the alcohol. The ammonia then reacts 
with the benzoin in the way already studied by others.’ This 
reaction takes place with the greatest ease with malonamide, and 
only with great difficulty and at high temperatures with benza- 
mide. In every case tetraphenylazine is a constant product, 
while benzoinam and benzoinidam are produced at lower tem- 
peratures, lophine at higher. The presence of alcohol is not 
necessary to induce the breaking down of the amide, as the same 
results are obtained by the simple interaction of the dry mate- 
rials. The great difference between the reactions of benzamide 
and of salicylamide is of interest as another example of the 
weakening of the benzene ring by the presence of hydroxyl in 
the nucleus of the latter. 

V. A STUDY OF TETRAPHENYLAZINE. 

a. Historical.—As tetraphenylazine was found to be the chief 
product of the action of amides upon benzoin, a further study of 
this body was instituted. 

A brief review of what has been done in its preparation and 
investigation may be of interest. Laurent studied’ the action 
of ammonia on benzoin. Later Erdmann’ took up the same 
study and gave the name benzoinimide to what has since been 
shown to be tetraphenylazine by Japp, Wilson’ and Burton. The 
very interesting work of these later investigators showed that, 
on distillation with lime, the so-called benzoinimide of Erd- 
mann was converted into diphenanthyleneazotide, as it was then 
called. Ammonia acting on #-naphthoquinone was shown to 
produce @f-naphthazine, a body whose constitution had been 
already proved through its syntheses by Witt’ by the condensa- 


l Loc. cit. 

2 Ann. Chem, (Liebig), 66, 181, and J/sb. phys. Wiss., 18, 354, and 26, 666. 
8 Ann. Chem. (Liebig), 135, 181. 

4 J. Chem. Soc., 49, 825 and 843, and 51, 98. 

5 Ber. d. Chem, Ges., 19, 2794. 
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tion of #-naphthoquinone with a@f-diamidonaphthalene. As 
ammonia acting on phenanthraquinone yields the ‘‘ diphenan- 
thyleneazotide’’ this was also considered an azine, tetrapheny- 
leneazine, and hence the so-called ditolaneazotide, which by 
distillation with lime yields the tetraphenyleneazine, was itself 
given the proper name tetraphenylazine. 

Braun and Meyer' have produced this same body by the 
action of sodium amalgam on benziloxime, and have called it 
tetraphenylaldine. The only substitution product oftetraphenyl- 
azine which has been obtained is the tetra-nitro derivative pre- 
pared by Braun and Meyer. Attempts were, therefore, made 
to obtain bromine and chlorine derivatives, but, as the results 
will show, without success. 

To obtain the material for study, the tetraphenylazine was 
prepared by the method described by Japp and Wilson, by heat- 
ing benzoin with ammonium acetate in an open flask, and sepa- 
rating theazine from the other products of the reaction by means 
of alcoholic hydrochloric acid. This was found to be an 
entirely satisfactory method and gave a good yield of pure mate- 
rial, melting at 245°. 

6. Bromination.—The azine was first heated with carbon 
bisulphide and an excess of bromine for eleven hours on the 
water-bath with return condenser. Acid vapors were given off 
in slight amount. An examination of the material showed that 
no bromination had taken place, the azine being found unchanged, 
melting at 245°. A second experiment was made by boiling a 
solution of the azine in strong alcoholic hydrochloric acid with 
bromine. An examination of the material showed that the azine 
was unaffected. 

In the third experiment, chloroform was used as the solvent 
and bromine was added in the calculated quantity to produce a 
tetra-brom substitution product. Acid vapors were given off 
and the separation of dark red crystals appeared to indicate that 
a substitution had taken place. These, on exposure to air, 
rapidly lost their color, and by treatment with alcohol yielded 
the unchanged azine, as shown by the melting point and the 
absence of any halogen. Some of the reactions, as the action 


1 Ber. d. chem. Ges., 21, 1269. 
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toward solvents, seemed to indicate that an unstable addition 
product might have been formed, but it is more probable that 
the red crystals represented simply a mechanical mixture of 
bromine with the azine. A repetition of the above, with the 
addition of a few crystals of iodine, gave the same results. 

In the next trial some of the azine was heated in a sealed tube 
with bromine, a crystal of iodine and alcohol for seven hours at 
200°-220°. When the contents were examined it was found that 
ethyl bromide and acetic acid had been formed, but that the 
azine was not brominated. The ethyl bromide was identified by 
its boiling point (38°-40°) and odor, and the acetic acid by its 
boiling point (115°-123°), and the formation of acetic ether with 
alcohol and sulphuric acid. The dark residue, when extracted 
with chloroform, gave the unchanged azine, melting at 244°. 
The insoluble black residue appeared to be carbon, not melting 
at 300°, insoluble in acids, alkalies or the usual solvents, burn- 
ing with glowing, and not containing any halogen. 

c. Chlorination.—Tetraphenylazine was dissolved in chloro- 
form, and through the solution contained in a retort placed on 
the water-bath and connected with a return condenser, a stream 
of dry chlorine gas was passed for six hours. An examination 
of the material showed that no change had taken place. The 
same material was then subjected to the action of chlorine again, 
for the same length of time, with the same result. Aluminum 
chloride was then added to the contents of the retort and a rapid 
stream of chlorine was passed through for six hours, for a part 
of this time the retort being in direct sunlight. The residue, 
after removal of the solvent, was boiled with water, well washed, 
dried, and dissolved in chloroform. An examination of the 
material showed that no halogen had entered the body. Hence 
neither bromine nor chlorine substitution products could be 
obtained by the action of the halogens on tetraphenylazine. 
This great stability of the phenyl groups in the azine ring is of 
interest, and entirely in accord with analogy. 

d. Nitration and Amidation.—Following the method employed 
by Braun and Meyer’, the tetranitro derivative of tetraphenyl- 
azine was prepared by slowly adding the azine to cold, fuming 


1 Loc. cit. 
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nitric acid, with stirring. The deep yellow liquid was then 
poured into an excess of cold water, and the resulting volumi- 
nous light yellow powder filtered out, washed, and dried. It has 
an indefinite melting point between 140° and 150°. With con- 
centrated sulphuric acid it gives an orange yellow color, very 
different from the brilliant red yielded by the unchanged azine. 

To prepare the amido derivatives, the tetranitroazine was 
reduced with tin and hydrochloric acid. The clear red solution 
was diluted with water and the tin removed with hydrogen sul- 
phide. The removal of the last portions of tin was extremely 
difficult, as not until repeated treatment with the hydrogen sul- 
phide in a nearly neutral boiling solution could a base be 
obtained free from ash. When the filtrate from the sulphide of 
tin was made alkaline with ammonia an abundant yellow pre- 
cipitate was obtained. During the filtration a portion of this 
appeared to undergo oxidation, as the precipitate, at first yel- 
low, became green on the surface, and the filtrate, at first clear, 
became turbid on standing. The well-washed precipitate finally 
ceased to give a turbid filtrate and dissolved in hydrochloric 
acid with red color. Hydrogen sulphide, when passed into this 
solution, gave no precipitate. The solution was boiled, to 
remove the hydrogen sulphide, and made alkaline with ammo- 
nia, when a yellow precipitate was thrown down, which when 
filtered and washed, showed no change of colorand gave a clear 
filtrate. When dried this base is of a brownish yellow color, is 
slightly soluble in chloroform, more readily in boiling alcohol. 
From the latter solution, on evaporation, it is obtained as before, 
in an amorphous condition without any sign of crystallization. 
When heated it darkens and melts above 260°, with decomposi- 
tion and a slight sublimation. 

To determine its composition, the hydrochloride was prepared 
by dissolving some of the base in dilute hydrochloric acid and 
evaporating the solution over sulphuric acid in a vacuum desic- 
cator. Nocrystals could be obtained, but the material dried to 
a reddish-brown, transparent mass. It melts at about 140°, and 
is readily soluble in water. When the material, which had been 
dried over sulphuric acid, was heated to 100° in the air-bath, its 
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loss in weight would indicate five molecules of water of crystal- 
lization. 
0.2867 gram, after heating at 100°, weighed 0.2480 gram = 
13.49 per cent. water. 
C,N,(C,H,NH,HC1) ,+ 5H,O = 13.23 per cent. water. 
0.2480 gram hydrochloride, dried at 100°, gave 0.2242 gram 
AgCl. 


Calculated for 
C,N,(C,H,NHgHC1),. Found. 


24.06 per cent. chlorine. 22.33 per cent. chlorine. 

Platinic chloride, added to the aqueous solution of the hydro- 
chloride, precipitates on standing a reddish-brown double salt. 

0.1090 gram platinum double salt gave 0.0325 gram platinum 
= 29.81 per cent. platinum. 

This corresponds to a salt of the composition : 
(C,N,(C,H,NH,HC1),) PtCl,+11H,O=30.01 per cent. platinum. 

The filtrate mentioned before as obtained from the precipita- 
tion of the base by ammonia becomes turbid on standing and 
slowly precipitates a dark greenish-blue material. When acidi- 
fied with hydrochloric acid it gives a dark green solution, which, 
under certain conditions of dilution, gives a deep blue color. 
This, when treated with hydrogen sulphide or zinc and hydro- 
chloric acid, changes to green and finally to a yellow color. 
Standing exposed to the air, it gradually reverts to the blue 
color, while heating with nitric acid quickly produces the same 
change. 

All these reactions indicate the presence of another base, pos- 
sibly of two others of different composition. Their constitution 
was not further investigated. 

e. Crystallographic and Optical Investigation.—As tetraphenyl- 
azine erystallizes from chloroform in brilliant prismatic crystals, 
an examination of the crystallographic and optical constants 
was made with the following results: 


SYSTEM TRICLINIC. 


42 bet = 0.941° + 20,6617. 

a = 83° 48’ 3 = 85°13! y= ror° 38’. 

100 /\ O10 = Io!1® 13/ IP A ol0 = 72° 36!. 
Calculated oor /\ o10 = 86° 20’ oo! /\ 100 = 84° 36’. 
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FORMS. 
a(1oo i—i) p(III P-) p, {Ili 'P) 
b (oro i—i) p,(Iil 'P) p, (Iii P') 
x (405 $—1) 























OBSERVED ANGLES. 


abi: = 108783! b, p' = 80°4! Py Pry = 26°35! 
bp. = 72730" ap = 68°47! Pio = 35 45 
bp, = 79°23’ ap, =73°12' pp = 26°30! 
bips = 73°16! = pp, = 35°2' ax == 55°42! 


Crystals flat, tabular parallel to oro. 

Cleavage none. 

Optically negative, as determined by a quarter undulation 
mica plate. 

Plane of optic axes parallel to c. 

Apparent axial angle 2E = 18°. 


EXTINCTION ANGLES. 


Che hc cciscolaweauceouewe eae parallel to edge ab. 
CHB Bsccece Koccddamecuenieee ed parallel to edge ab. 


On section normal to ¢ = 14° with b. 
Indices of refraction determined by the microscope method, 
using sodium light. 


On b with edge ab normal to principal section of Nicol = 1.873 


parallel % s ‘¢  =2.217 
normal es bi ‘‘ =1.946 
aa _ ‘parallel 8 es ‘¢ =1,.897 


VI. ACTION OF BENZOIN UPON UREA AND THIOUREA. 


While studying the action of amides with benzoin, the reac- 








118 ALFRED NEWLIN SEAL. 


tions with urea and thiourea were examined. Not until after 
considerable work had been done was it found that Anschiitz 
and Gelderman' had previously studied these reactions and pub- 
lished their conclusions. The results that were obtained fully 
corroborated those of these chemists, and so will not be given in 
detail. 

a. Urea and Benzoin.—Urea and benzoin, when heated 
together with alcohol in sealed tubes at 175°-195 , do not react 
as the true amides do, but form condensation products, with 
the elimination of water. That they react in this manner is to 
be accounted for by the fact that the two amido groups are both 
linked to the same carbon atom. It would be interesting to see 
whether the amides of the amido acids of the fatty and aromatic 
series would undergo condensations of the same nature. 

The body obtained by the condensation of urea and benzoin 
dissolvesin boiling alcohol, with a beautiful blue fluorescence and 
crystallizes in prismatic forms, which are dichroic. In the earlier 
work on these substances, it was found that under certain con- 
ditions this body is dimorphous, coming out from solution in two 
entirely distinct forms, one prismatic, as just mentioned, and the 
other in bunches of very delicate white needles. When the two 
forms were very carefully mechanically separated and dissolved 
in boiling alcohol, each solution, on cooling, showed crystals of 
both forms. The tendency was toward the assumption of the 
prismatic form. All attempts at ascertaining the conditions 
under which these could be produced were fruitless. Later work 
failed to give the needle form, only the prisms being obtained. 
That the two bodies were identical was shown by the melting 
points and determination of the nitrogen content. Both soft- 
ened at about 280° and melted, not sharply, at about 318°. 
Analyses gave the following results : 

NEEDLE FORM. 

0.1023 gram substance, burned with copper oxide, gave 11.4 

cc. nitrogen at 23° and 763 mm. = 12.59 per cent. nitrogen. 
PRISMATIC FORM. 


0.2022 gram gave 23.5 cc. nitrogen at 23° and 759.5 mm. = 
12.70 per cent. nitrogen. 


1 Loc. cit. 
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The two bodies are therefore identical. 
Extended study by Anschiitz, Gelderman, and Schwickerath' 
has shown this body to be diphenylacetylenurein. 
C,H,—_C—NH 
| >Co. 
C,H,_C—NH 
Analysis of the prismatic crystals mentioned above confirm 
this. 
0.2203 gram substance gave 0.1044 gram water, and 0.6123 
gram carbon dioxide. 


Calculated for 


Ci5H;2N20. Found. 
Cae ose dcicowecnecesclwasacuaces 76.27 95-77 
Hydrogen....-csecescccceccec cess 5.09 5.26 
Nitrogen. «+++ cscceccsccocece sce nee 12.70 
OXYGEN «cece cscceccccccs ccs cece 6.78 


Evans’ has shown that condensations of urea with #-diketones 
can be induced by the influence of acids on their alcohol solu- 
tion. Similar experiments were therefore tried with urea and 
benzoin. Urea was added toa saturated alcoholic solution of 
benzoin, and different amounts of concentrated hydrochloric acid 
added. No condensation was, however, produced. 

b. Thiourea and Benzoin.—The thiourea used was prepared 
from ammonium thiocyanate. When heated with benzoin a 
condensation takes place, with the formation of what Anschiitz 
and Schwickerath have shown to be @f-diphenylglyoxaline 
sulphydrate. In the experiments with this body the two forms 
of crystals, as mentioned under the urea derivative, were pro- 
duced, but the prismatic form was in very much the greater 
quantity, the needle form being only observed in very small 
amount. An attempt at producing the needle from in larger 
amount was made by using, instead of thiourea alone, a mixture 
of equal parts of this and ammonium thiocyanate. The results, 
however, were the same, only traces of the needle form appear- 
ing. This confirms the work of Anschttz, who found that the 
same body was produced whether thiourea or ammonium thio- 
cyanate was used. 


1 Loc. cit., and Ann. Chem. (Liebig), 284, 8. 
2]. prakt. Chem., 48, 489. 








ON THE INVERSION OF SUGAR BY SALTS. 


By J. H. Lone. 


Received December 5, 1895 

T is a well known fact that the specific rotation of solutions of 

cane sugar is decreased by the presence of many neutral 
salts, even by sodium chloride and other salts of the alkali and 
earth groups. The amount of this decrease has been measured 
by several chemists, and recently very carefully by K. Farn- 
steiner,’ who has noted the connection between the molecular 
weights of the salts dissolved with the sugar and the amount of 
the depression they produced. Ina solution containing for each 
part of sugar three parts of water and 1.0036 parts of sodium 
chloride the specific rotation dropped from 66.6° to 62.47°. 
Similar effects were observed in other cases. 

The extent of this depression is dependent to some degree on 
the temperature, but a temporary increase in temperature does 
not permanently alter the rotation. In illustration, a solution of 
pure saccharose containing in 100 cc. twenty-five grams of the 
sugar and ten grams of potassium nitrate gave a specific 
rotation of a? = 66.22° at 20°. After heating one hour, but so 
as to avoid evaporation or pressure, the rotation was again 
determined and found to be practically the same. The solution 
was heated in a small flask closed with a perforated rubber stop- 
per having acapillary glasstube inthe perforation. It was pos- 
sible by this: means to heat the liquid to 100° in boiling water 
without risk of appreciable loss by evaporation. 

On the other hand, a solution of sugar and zinc sulphate 
which gave a specific rotation of 64.98° when fresh, showed, after 
having been heated forty-five minutes in boiling water, as 
before, a specific rotation of 36.84°. In this case a decided 
inversion had taken place, as easily shown by other tests. The 
behavior of zinc sulphate is similar to that of a large number of 
other substances. Loewenthal and Lenssen’ state that zinc sul- 
phate and other neutral salts are without inverting action, but 
Béchamp, a little later’ gave a list of these salts which are able 
to produce a marked inversion. The phenomenon is an inter- 


1 Ber. d. chem. Ges., 23, 3570. 
2 Jsb. Chem., 1863, 120, and Ostwald, Allg. Chemie, 2, 811. 
8 Jsb. Chem., 1864, 573, and Gmelin, Handbuch der Org. Chem., iv., 1, 69r. 
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esting one, and one which can now be easily explained, but 
until quite recently the literature has been almost silent on the 
subject. I wish to present in what follows a few observations 
bearing on the question. 

Over a year ago in giving instruction to a class of students in 
the use of the polarimeter I suggested, as an illustration of a 
substance for examination, not free from color, the syrup of fer- 
rous iodide of the pharinacopeia. Instead of exhibiting a more 
or less marked right hand rotation, as was expected, it was 
found to be strongly levo-rotary. The syrup, however, was 
known to be old and had been exposed to the light. As a cer- 
tain practical interest attaches to the question it was decided to 
investigate fresh solutions. 

The syrup of the pharmacopeia is made to contain in 100 cc. 
about 63 grams of sugar and 13.4 grams of ferrous iodide. 
On January 19, 1895, a liter of this solution was made accord- 
ing to the usual process, special care, however, being taken in 
the selection of the sugar and iodine employed. The liquid 
polorized immediately, in a 200 mm. tube, gave @p = 81.15° at 
20°. Four days laterthe rotation was found practically unchanged, 
the syrup having been kept meanwhile in the dark. A bottle 
holding about roo cc. and furnished with a glass stopper was 
then filled with the syrup and allowed to stand until May 6th 
and exposed todiffused light. This portion nowshowed on polar- 
ization @, = 53.12°inthe 200mm. tube, while the original, kept 
in the dark, polarized 63.17°. On this date, May 6th, a second 
portion of the original was filled into a hotttle and allowed to 
stand in the light. It was polarized at different intervals, with 
results as follows, at 20°, in the 100 mm, tube: 


July 15th REPO OCC re eee ort Gece + 6.66 
Aug. 25th C8 7e sales sitar cuh nei elae et aareaseaes — 3.36 
Oct. 22d Wen. wecelnlem eeieuiecaele esccccccoce ——¥3,10° 
Nov. 15th $6 6:6.0.06:66.6548 C000 aevnees eeeee 13.42 


Another portion of the orginal which had stood since January 
19th in a small full bottie in the light gave now in the roo mm. 
tube a, =—15.66. From this it appears that in the interval 
the saccharose had undergone complete inversion. The origi- 
nal rotation observed, 81.15°, was that of a solution in which 
some inversion had already taken place. 
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Another solution was prepared on May goth, containing in 250 
cc. 140 grams of sugar and an amount of ferrous iodide corres- 
ponding totwenty-eight grams ofiodine. The syrup and iodide 
solution were hot when mixed. This polarized at 20° gave a 
rotation of 33.25° in the 100 mm. tube, which corresponds to a 
specific rotation of 59.38°. At intevals the following rotations 
were found from two portions of this solution, which had been 
poured into glass stoppered bottles and kept in the light. One 
bottle was full and the other not quite full. 


Full bottle. Partly filled. 
July 13th AD vereeeeeece 18.66° + 9.30° 
Aug. 24th AS a cele nein einai 8.58° + 3 56 
Oct. 22nd tte Weiale, Siewpieate = 3.76° —10.16° 
Nov. 15th 66 eeeee cones 2.70° —10.75° 


It is apparent from the above that the presence of air in the 
bottle with the solution has a marked influence on the rapidity 
of inversion. 

INFLUENCE OF TEMPERATURE. 

The solution just described stood at the laboratory tempera- 
ture during the time of the observations. A marked decrease in 
the time required for full inversion would naturally be expected 
by working ata highertemperature. This was shown by heating 
some of the last solution in boiling water during ninety minutes. 
The solution was contained in a flask with a capillary stopper. 
Before heating it had a rotation of 33.25° in the 100 mm. tube ; 
after the application of heat the reading was —12.75° in the same 
tube. The following day the solution was reheated through 
three hours and polarized again, giving now —13.00° at 20°. 
Heating through ninety minutes was therefore sufficient to com- 
plete the reaction, and it is evident that an inversion which at 
the mean laboratory temperature of 20°-25° requires months for 
its completion may be accomplished in less than two hours at the 
temperature of boiling water. 

It was found later that a moderate increase of temperature 
does not greatly hasten the inversion ; this becomes rapid only 
above 60”. 

INFLUENCE OF LIGHT. 


It should be remarked thai the inversion by heat, as well as 
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by long standing in the light, is accompanied by a decided loss 
of color. A solution of ferrous iodide exposed to the air, or 
protected from the air and kept in the dark, soon becomes brown 
from partial decomposition aud separation of iodine, which is 
easily shown by the starch reaction. In stoppered bottles in the 
light, however, this decomposition is almost wholly prevented 
and in an already colored solution in which free iodine is shown 
by tests, the color is lost by exposure to the light. 

Well-made undecomposed solutions of ferrous iodide are 
described as light green, but they may become almost as colorless 
as water, leaving the iron in a perfectly reduced condition. It 
has been found by numerous trials that the rate of inversion is 
more rapid in bottles exposed to the light than in similarly filled 
bottles kept in the dark. The rapidity of inversion is further 
increased if the solution is exposed to the action of light and heat 
together. More will be said of this later. 

The phenomena described above are not confined to ferrous 
iodide but are exhibited by many other salts. In fact, from 
theoretical considerations, they should be expected in some 
degree from the salts of all the so-called heavy metals, as will 
presently be pointed out. First, however, some actual experi- 
mental results will be given. 

FERROUS CHLORIDE. 

A solution containing, in 100 cc., 50 grams of cane sugar and 
four and one-tenth grams of pure ferrous chloride was prepared. 
The ferrous salt was made by the action of an excess of iron on 
hydrochloric acid, and the syrup made with this and the sugar 
was bright green. It showed a rotation of 32.75°in the 100 mm. 
tube, or a specific rotation of 65.50°. After heating one hour 
to 100° the rotation was found to be —6.42° in the same tube. 


FERROUS BROMIDE. 


The solution contained in 100 cc., 50 grams of saccharose and 
ten grams of the bromide. The latter was made by the action 
of bromide and water on iron, and the solution so obtained was 
filtered into the dissolved sugar. The rotation of the fresh mix- 
ture was found to be 32.25°. A portion was heated one hour to 
100° and was then polarized, after cooling to 20°, giving now a 
rotation of —10.26°. 
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FERROUS SULPHATE. 

The solution of 100 cc. was made with fifty grams of sugar 
and ten grams of pure crystallized sulphate. It was slightly 
cloudy and could not be polarized with the greatest accuracy, 
but the reading was nearly 33°. A portion was heated one hour 
away from the air. It became clear and could be easily exam- 
ined in the polarimeter, showing now at 20° inthe 100 mm. tube 
18.20°. This decrease is much less than in the other cases, but 
not unexpected. 

FERROUS AMMONIUM SULPHATE. 

The solution made contained in 100 cc., fifty grams of sugar 
and ten grams of the crystallized salt. When fresh it gave a 
rotation of 33.08°. After heating five hours to 71° the rotation 
was found to be 27.20°. This solution was allowed to stand in a 
stoppered bottle in the light and was polarized at difierent inter- 
vals with the following results : 


July 24th Pasi elavciets ts craveiin eer elaya eisarees ++ 27.28° 
Aug. 24th Sears Dials es saidwelsisiewene® 20.22° 
Oct. 22d OE og pa ania) bee bale Reales len eel 10.23° 
Nov. 15th $6 Seseeasi« cece. ceees oe eeeee 753" 


We have here, as before, a slow rate of inversion. 
MANGANOUS CHLORIDE. 

A solution was made on July 24th, containing in 100 cc. fifty 
grams of sugar and ten grams of the carefully purified salt with 
4H,O. It gave immediately a rotation of 32.88°, and after heat- 
ing five hours to 71° a rotation of 28.16°. From this date, July 
24th, the heated portion was allowed to stand in the light at the 
laboratory temperature in a full bottle, and showed at intervals 
the following rotations, all in the 100 mm. tube, at 20°: 


Aug. 24th oO ee he Tern ss 
Oct. 22d BS yi giore wala areverereraieele ahecarerstets 4.71° 
Nov. 15th Roe piatabaae bps epeciaeeeine 1.662 


After standing a short time in the light this solution became 
as colorless as water when observed in a clear glass bottle of four 
cm. diameter. 

MANGANOUS SULPHATE. 


The experimental solution was made to contain in 1oocc. fifty 
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rams of sugar and ten grams of crystallized manganous sulphate 
MnSO,+4H,O). The rotation was found to be 33.16°. On heating 
the solution one hour to 100° it became slightly decomposed and 
darker in color, instead of lighter as with the chloride. The 
decomposition product was small in amount but exceedingly fine 
and dark. It remained long in suspension, making an exact 
reading of the rotation impossible. Itwas about-+7°, however, 
in the 100 mm. tube. The suspended substance was probably 


or 
5 
( 


an oxide of manganese. 
ZINC SULPHATE. 

A solution containing fifty grams of sugar and ten grams of 
the sulphate in 100 cc. showed when fresh a rotation of 32.98° 
forroomm. After heating forty-five minutes in boiling water 
the rotation was reduced to 18.42° for the same tube. 

POTASSIUM AIUMINUM SULPHATE. 

With a solution containing fifty grams of sugar and five grams 
of the alum in 100 cc. a rotation of 33° was found immediately. 
A portion was heated one hour in the water-bath to 100°, and on 
cooling to 20° was polarized again, showing now a rotation of 
—g.99. The heated solution became slightly cloudy, but the 
original remained clear through the severeal weeks it was kept. 

LEAD NITRATE. 

A fresh solution with 50 grams of sugar and ten grams of the 
salt in 100 cc. showed a rotation of 53.13°. A portion heated 
one hour to 100°, showed, after cooling to 20°, a rotation of 
—g.65° in the same tube. 

LEAD CHLORIDE. 

Some chloride was made by precipitation of the nitrate by 
sodium chloride. The product was recrystallized from hot 
water and washed repeatedly on a filter with cold water. About 
two grams of the moist precipitate was mixed with fifty grams of 
sugar in water enough to make ninety cc. and heated until it 
dissolved. On cooling the volume was made to roo cc. A part 
of the chloride separated. The rotation was now found to be 
23.52°. The mixture was shaken and a portion transferred to a 
flask with capillary stopper, where it was heated one hour to 
100°. After cooling the rotation was found to be —7.53°. 
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CADMIUM CHLORIDE. 


A fresh solution with fifty grams of sugar and eight grams of 
the chloride in 100 cc. gave a rotation of 32.91°. After heat- 
ing to 100° it was reduced to —9g.50”. 

MERCURIC CHLORIDE. 


The original solution of fifty grams of sugar and five grams of 
chloride in 100 cc. gave a rotation of 33.22°. A portion was 
heated an hour to 100° and became turbid, depositing on cooling 
a fine white precipitate. The clear liquid showed a rotation of 
—10.80°. A second portion was heated a shorter time, to the 
beginning of turbidity only. It was quickly cooled and polarized, 
showing a rotation of —4.82°. By prolonged heating more of 
the precipitate is formed. It appears to consist of mercurous 
chloride only. 

The salts tested above, while commonly called neutral, are 
those in which the base is very weak when compared with the 
acid. It issuch salts that show in solution an acid reaction with 
certain indicators and the parallelism between the phenomena 
observed here and that of the inversion of sugar by acids natur- 
ally suggested itself. The following further test with a solution 
of ferrous iodide was therefore made. This solution contained 
in 100 ce. fifty grams of sugar and ten grams of the iodide. It 
polarized when fresh 32.41° in the 100 mm. tube. A number of 
small vials were nearly filled with this solution and they were 
heated in athermostat through different times as shown below. 
The vials were made of selected glass, not readily attacked, and 
before use were heated some hours with hydrochloric acid. 
They were then washed and boiled with distilled water and 
dried. Before being placed in the thermostat they were closed 
with rubber stoppers having a capillary tube through the per- 
formation. The upper end of this extended above the water in 
the thermostat. The capillary opening was sufficiently fine to 
prevent any appreciable evaporation of the syrup while being 
heated. The water in the thermostat was kept at about 77.5°. 
Vials were removed from time to time and cooled quickly so that 
the contents could be examined in the polarimeter. The follow- 


ing results were found : 
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Time of heating Observed 
in minutes. rotation. 
o 32.41 
30 28.005 
60 26.25 
go 26.15 
210 24.61 
390 18.48° 
570 16.60° 
810 4.70° 


These figures show a rapid, but an irregular change, inthe rota- 
tion with the time, but as the temperature was not maintained 
with great accuracy, and as some of the vials were more exposed 
to the light than others, greater uniformity could not be 
expected. 

To determine whether or not the inversion proceeds according 
to the law of Wilhelmy, a second series of experiments was 
made in which the temperature was carefully regulated and in 
which the small vials holding the sugar solutions were wrapped 
in tinfoil for protection against the light. The temperature in 
the last series of experiments was too low to permit them to be 
completed in a reasonable time. It was therefore brought to 
87.5° for the following tests. 

The amounts of sugar and ferrous iodide where the same as 
before, but greater care was taken in the preparation ofthe solu- 
tion. Several samples of high grade commercial sugar were 
tested, and one was selected which satisfied all requirements as 
to purity. For 250 cc. of solution 125 grams of this sugar is 
dissolved in a small quantity of water ina graduated flask by 
aid of heat. Then 20.5 grams of the pure iodine, sublimed 
with potassium iodide, is weighed out and mixed in a flask with 
fifty cc. of water and seven grams of pure fine iron wire. The 
action of the iodine on the iron begins soon and must be checked 
after a time by dipping the flask in cold water. Finally when 
the action is practically complete, asshown by the disappearance 
of the iodine and change of color to greenish brown, the solu- 
tion is boiled to make the reduction to the ferrous condition 
perfect. The amount of iron taken is largely in excess of that 
which can combine with the iodine. The ferrous solution is now 
allowed to cool to 50°-60° C. and filtered into the cooled sugar 
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solution made as above. The last traces of iodide from the 
flask and paper are washed down into the syrup by aid ofa 
little boiled and cooled water. Finally the whole volume is 
made up to 250 cc. by the addition of distilled water. In this 
maner a solution is secured which contains in 1oocc., fifty grams 
of saccharose and ten grams of ferrous iodide, and which is 
practically free from inversion. The specific rotation of the 
strong pure syrup is 66.5°; that prepared with the iodide is 
64.82°, as found from the mean of many closely agreeing deter- 
minations. It will be noted that this lower specific rotation is 
about the same as that found for the solutions of the other salts 
described above. The decrease in the rotation is apparently 
not a result of inversion. 

The method of preparation of the syrup of ferrous iodide as 
described in the Pharmacopeia leaves a product slightly inverted 
because of the higher temperature of mixing the sugar and 
iodide solutions. When portions of the syrup made as just 
described are heated in boiling water an hour, in flasks with 
capillary stoppers to prevent evaporation, the rotation is 
reduced to — 11.5° at 20° for the 100 mm. tube. This value is 
almost identical with that calculated from the experiments of 
Gubbe,’ v7z., —11.31° for the rotation produced by the inver- 
sion of fifty grams of cane sugar in 100 cc. The presence of the 
excess of iodide seems to be without much influence on the spe- 
cific rotation of the invert sugar. 

In the experiments given below, the rotations were found in a 
100 mm. tube at 20°. The reading before heating was 32.41°, 
and this is taken as the initial rotation instead of the theoretical 
33.25. Applying the Wilhelmy-Ostwald formula we have 


A . 
nat. log es cy, 


A 
in which A represents the total amount of sugar present and 
may be measured by the total change in the rotation. It is 
therefore 32.41°—(—11.5) = 43.91°. «x represents the amount 
of sugar inverted at the time /, and is measured by the decrease 
in rotation at that time. 4— +x represents the sugar remaining 
and the velocity of the inversion should be proportional to this. 


1 Ber. d. chem. Ges., 1885, 2207. 
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The table below gives the results of a series of experiments. 
ine : : ; 

The solutions were warmed two minutes before the counting of 
the times, ¢, began, asthis was found necessary to bring them to 
the proper temperature. This, of course, introduces a small 
error into the calculation. The values in the fourth column are 
obtained by the use of common logaritims. 


t Observed # A 


min. rotation log ve r log ee 
30 28.50 3.91 0.04050 0.00135 
60 24.85 7.56 0.08206 0.00137 
120 17.80° 14.61 0.17569 0.00146 
180 13-35 19.06 0.24723 0.00137 
240 6.32° 26.09° 0.39165 0.00163 
300 4.32° 28.09 0.44335 0.00148 
420 —9g.00 41.41° 1.24461 0.00296 


The results of the last column are sufficient to indicate that 
the inversion follows the general law shown by Wilhelmy to hold 
for the action of weak acids on sugar solutions. The values of 


log - are not constant, but considering the conditions of 


5 per. 
the experiment, must be considered close enough until the last 
one is reached. The solution of the sugar is a very strong one 
containing fifty grams in 100 cc., and from such a degree of 
concentration no great regularity can be expected. The varia- 
tion in the amount of water present as the saccharose becomes 
changed into dextrose and levulose must have some influence on 
the progress of the reaction, and one of the fundamental condi- 
tions of the Wilhelmy experiment is therefore not accurately 
observed. It has frequently been pointed out that the constant 

; log es ; may be quite irregular when calculated from tests 
on very strong solutions. The values are really constant only 
when the solvent is so greatly in excess that slight changes in it 
in the progress of the reaction, may be neglected. In the 
present case about two and five-tenths grams of water disappear 
in the formation of the new molecules, and this from a solution 
already very strong. Part of the irregularity in the constant 
may doubtless be explained in this manner. An accidental ex- 
posure to light during the last interval of the heating may partly 
account for the change in the last value. 
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It has been found by later experiments, some of which are 
still in progress, that with dilution of the solutions much more 
uniform results may be secured, approaching, in fact, those 
obtained from the action of weak acids alone. 

The cause of the inversion of strong sugar solutions by these 
heavy salts is undoubtedly to be found in their condition of par- 
tial hydrolysis by the solvent. The acid ion in each case is a 
strong one, whilethe basic ions are all relatively weak. Indeed, 
it has been suggested by Walker and Aston’ that the amount of 
hydrolysis in solutions of certain salts may be approximately 
measured by comparing the speed of inversion with that of 
known amounts of weak acids. The method can be easily 
applied to a large number of solutions of moderate concentration. 
Further investigations with special reference to ferrous salts are 
now in progress. 


CHICAGO, DECEMBER, 1895. 





MIXED DOUBLE HALIDES OF PLATINU! AND POTAS- 
SIUM. 


By CHARLES H. HERTY. 
Received November 16, 1895. 


INTRODUCTION 
Y mixing together water solutions of platinum chloride and 
potassium bromide in the proportion of one molecule of 
platinum chloride to two molecules of potassium bromide, 
Pitkin obtained*® a compound having the composition represented 
by the formula K,PtCl,Br,. 
Two possible explanations were advanced by Pitkin, 
(1) PtCl, -+- 2K Br= K,PtC1,Br,, 
a true chemical compound being formed, or 
(2) 4K Br+ 3PtCl, = 2K,PtCl, + PtBr, 
PtBr, + 2K Br= K,PtBr,, 
giving thus an isomorphous mixture of K,PtCl, and K,PtBr,. 
In either case the percentage of the elements remains the same. 
To determine which of the two explanations is correct, he 
resorted to fractional crystallization, and from the above solu- 


1/7. Chem. Soc., July, 1895. 
2 This Journal, 1, 472. 
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tion obtained three successive crops of crystals. Determinations 
of platinum in each of these showed that they were identical, 
and he concludes, therefore, that the substance is a chemical 
compound and not an isomorphous mixture. 

In a second paper' he described the series 

K,PtBr,Cl 
K,PtBr,Cl, 
K,PtBr,Cl, 
K,PtBr,Cl, 
K,PtBrCl,. 

These were prepared by mixing together stated quantities of 
K,PtCl, and K,PtBr,, dissolving in water and crystallizing. 
Three successive crops of K,PtCl,Br were obtained, showing 
respectively 36.97, 37.04 and 36.99 per cent. of platinum, again 
confirming the idea that these substances were true chemi- 
cal compounds. 

In the discussion, which followed the reading of the paper, 
Dr. Endemann suggested that these substances were most prob- 
ably isomorphous mixtures. 

In a third paper® Pitkin discussed the question of isomorphism 
and fractional crystallization, upholding his formerly expressed 
view that the platinum compounds were true chemical com- 
pounds. His argument was: 

1. In isomorphism ‘‘the resulting mixed crystal has a com- 
position dependent on the ratio, one to the other, of the isomor- 
phous salts in solution or the constituents forming these salts.’’ 

2. ‘‘When two isomorphous salts together in solution are 
subjected to fractional crystallization, the salts differing in their 
degree of solubility in the menstruum employed, the crystals first 
formed will contain relatively a greater amount of the more 
insoluble salt, while the crystals formed at the end will be cor- 
respondingly rich in the more soluble salt.’’ 

It is principally upon the second consideration that he bases 
his claim that the substances are true chemical compounds and 
not isomorphous mixtures. This claim has been generally 
accepted and we find in many text books descriptions of the salt 
PtCl,.2KBr. 


1 This Journal, 2, 296 
2 Jbid., 2, 408. 
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Quite recently Pigeon’ has prepared a substance to which he 
gives the formula K,PtCl,Br,. He considers it one of the series 
previously prepared by Pitkin. 

During the past few years I have been constantly occupied 
with efforts to prepare double halides containing more than one 
halogen. I have shown’ that the double halides of lead and 
potassium and of antimony and potassium containing more than 
one halogen are isomorphous mixtures of the double halides 
containing one halogen. It has seemed desirable, therefore, to 
repeat the work of Pitkin and determine whether the facts upon 
which he based his reasoning are correct. 

I may state in advance that his analytical results are altogether 
inaccurate and inadequate. The reasoning which he makes use 
of to prove that the substances are true chemical compounds, 
proves beyond doubt, when interpreted by the results which I 
have obtained, that the substancesare isomorphous mixtures. 

METHOD OF ANALYSIS. 

In the analyses of his compounds Pitkin determined platinum 
alone. These determinations were made by heating the sub- 
stance with oxalic acid, thoroughly washing the residue and 
weighing the dried spongy platinum. 

Deeming the determination of platinum alone insufficient, I 
have analyzed ail the compounds prepared during this investiga- 
tion by reduction in hydrogen. 

The hydrogen, generated in a Kipp apparatus, was purified by 
being passed through an acid solution of potassium permanga- 
nate, over moist copper carbonate, through alkaline permanga- 
nate solution, through water, and finally over calcium chloride, 
in the order named. The gas was then passed through a com- 
bustion tube, about twelve inches in length, in which was placed 
a porcelain boat containing a weighed quantity of the substance 
to be analyzed. The combustion tube, constricted at the end, 
was closely connected with a [J tube, in turn connected with 
another [J tube, both tubes containing potassium hydroxide 
solution. Before analysis the dried crystals were finely powdered 
and thoroughly dried at r10°. After placing in the combustion 


1 Ann. chim. phys. [7], 2, 433. 
2 Am, Chem, J., 15, 81, and 16, 490. 
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tube the boat containing the substance to be analyzed, all air 
was driven out by the current of hydrogen. Gentle heat was 
then applied by means of a Bunsen burner with a winged top 
attachment. Asthe reduction proceeded the heating was slowly 
increased until the flame from the burner almost touched the 
tube. This was maintained for some time. Finally the flame 
was removed and the tube allowed to cool, hydrogen passing 
through for one hour longer in order to remove all traces of 
hydrochloric or hydrobromic acids. The liquid in the [J tubes 
was then transferred, with thorough rinsing, into a beaker and 
dilute nitricacidadded inexcess. The boat containing the metal- 
lic platinum and the potassium salts was removed from the tube 
and the mass thoroughly extracted with water by standing 
twenty-four hours. The platinum was then filtered in a por- 
celain Gooch crucible and thoroughly washed with water. 

The crucible was then dried for one hour in an air-bath at 110°, 
heated to redness ina platinum crucible, allowed to cool, and 
weighed, the platinum being in the form of gray metal. In the 
filtrate from the platinum and in the neutralized liquid from the 
[J tubes bromine and chlorine were determined by addition of an 
excess of standard solution of silver nitrate, filtering the precipi- 
tated silver halides in porcelain Gooch crucibles, and titrating 
the excess of silver in the filtrates with a standard solution of 
ammonium thiocyanate. The crucibles containing the silver 
salts were dried for three hours at 150°. From the weight of 
silver used and the weight of silver halides in the Gooch cruci- 
bles the weights of bromine and chlorine were calculated. In 
several cases the neutralized liquid from the |J tubes was added 
to the filtrate from the platinum, the total bromine and chlorine 
being determined at one time. 

In one salt potassium was determined as potassum sulphate by 
first removing the platinum by electrolysis, then evaporating with 
sulphuric acid in a weighed platinum dish. 

In all of the analytical work vessels were allowed to stay on 
the balances ten minutes before being weighed. The atomic 
weights used were: platinum 194.34, potassium 39.03, chlorine 
25.37, and bromine 79.76. 

The above method of analysis is open to several criticisms : 
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In the first place the sodium nitrate in the neutralized liquid 
from the J tubes dissolves a small portion of the precipitated sil- 
ver salts. Inthe second place, it is very difficult to remove all 
of the hydrochloric or hydrobromic acids from the finely divided 
platinum either by heating or by extraction with water. 

In spite of these errors this method would seem to yield much 
more reliable results than the method of heating with oxalic 
acid, applicable for determinations of platinum alone. 

PREPARATION OF MATERIALS. 

The potassium bromide used in this investigation was heated 
sufficiently high to decompose any potassium bromate present and 
to drive off any ammonium chloride, repeatedly recrystallized 
, dried, finely powdered, and again thoroughly dried. 
Potassium chloride was prepared in the same manner. 

Great difficulty was experienced in the preparation of pure 
chloroplatinicacid. This was unexpected, as previous investiga- 
tors make no mention of any great difficulty. The purest speci- 
mens sent out by the manufacturers showed, on reduction in 
hydrogen, a coating of ammonium chloride on the combustion 


from water 


tube after raising the heat considerably. The substance was 
then prepared by dissolving platinum in aqua regia and evapora- 
ting repeatedly with hydrochloric acid. Still ammonium chlo- 
ride was found after reduction with hydrogen. The constant 
appearance of ammonium chloride led to the hypothesis that 
some nitrogen compound might be present in the hydrogen used, 
and on coming into contact with the platinum black, in the 
presence of hydrogen and hydrochloric acid, might be converted 
into ammonium chloride. To test this point hydrogen was pre- 
pared from strictly pure zinc and the purest sulphuric acid which 
could be obtained. This hydrogen was then purified by Phillips’ 
method.’ Still ammonium chloride appeared after reduction of 
the platinum compounds. 

The next explanation which suggested itself was the presence 
of some trace of the compound 2NOCI.PtCl,, formed during the 
treatment with aqua regia. To elminate this possible source of 
error, chloroplatinic acid was prepared by the method recom- 
mended by Pigeon,’ in which no nitric acid is used. This 


1 Am. Chem. /., 16, 165. 
2Am. chim. phys. [7], 2, 403. 
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method consists in precipitating the platinum as ammonium 
platinichloride, reducing this at a low temperature in hydro- 
gen, and treating the finely divided platinum with hydrochloric 
acid and chlorinein a large flask, the chlorine being replenished 
as rapidly as it is taken up by the platinum. 

A specimen prepared in this way also yielded ammonium 
chloride. While repeating this method of preparation an acci- 
dent showed its unfitness for the purpose. According to direc- 
tions a portion of the ammonium platinichloride had been 
reduced in hydrogen at a temperature just sufficient for the 
reduction, and the ammonium chloride evolved driven from the 
tube. Accidently the temperature was considerably raised. 
Immediately quite a large deposit of ammonium chlorine was 
formed on the combustion tube, showing that platinum black 
occludes ammonium chloride in quite large quantity. Efforts 
were made to remove all of the occluded ammonium chloride by 
prolonged heating in hydrogen but this proved very unsatisfac- 
tory. This method of Pigeon’s is therefore unfit for use andthere 
is little doubt but that the substances with which he conducted his 
thermochemical experiments were largely contaminated by 
ammonium platichloride. A second method of Pigeon’s was 
then tried. This consists in passing a current of chlorine gas 
through an emulsion of ammonium platinichloride and hot water 
Nitrogen is given off and chloroplatinic acid formed, but on 
reduction in hydrogen ammonium chloride was again deposited. 
Finally, atthe suggestion of Dr. H. N. Morse, of Johns Hopkins 
University, ammonium platinichloride was intimately mixed 
with pure oxalic acid and the mass heated to redness. A resi- 
due of spongy platinum was oblained which gave only a slight 
deposit of ammonium chloride on being heated in hydrogen. 
The platinum thus prepared was converted into chloroplatinic 
acid by treatment with chlorine and hydrochloric acid. The 
hydrochloric acid was prepared by heating concentrated chem- 
ically pure hydrochloric acid and passing the liberated gas into 
freshly distilled water. The chloroplatinic acid thus prepared 
still yielded a slight deposit of ammonium chloride. 

Further attempts were made to purify this by cooling the solu- 


tion, in the hope that the ammonium platinichloride would sepa- 
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rate from the solution, but this failed. Finally a current of 
chlorine gas was passed through a portion of this chloroplatinic 
acid solution for some time. The product still yielded a slight 
quantity of ammonium chloride on reduction in hydrogen. 
However, it was considered sufficiently pure for the purposes of 
the investigation and accordingly was used. All of the above 
processes were carried out ina room as free from ammonium 
chloride as was practicable. 

The amount of platinum in the water solution of the chloro- 
platinic acid was determined by electrolysis. 

One cc. solution = 0.08956 gram of platinum. 

The use of chloroplatinic acid for determining potassium sug- 
gests that in addition to the precautions, already taken by the 
Association of Official Agricultural Chemists, of working in a 
room other than the general laboratory, more care should be 
taken in regard tothe adsence of ammonium platinichloride from 
the chloroplatinic acid as first sent out by the manufacturers. 

METHOD OF WORK. 

If the substances obtained by Pitkin are true chemical com- 
pounds it seems only natural to suppose that they could be 
reproduced under at least some slight variation in the original 
proportions of the substances used in their preparation. To 
determine this point four solutions were prepared, using the 
same amount of platinum solution in each. In one a definite 
quantity of potassium bromide was used. Inthe other three 
arbitarily taken portions of the potassium bromide were 
replaced by equivalent quantities of potassium chloride. To 
prepare K,PtCl,Br,, Pitkin used two grams platinum chloride 
and 1.404 grams of potassium bromide. These are the 
quantities required by using the atomic weights: platinum 
197.18, chlorine 35.46, bromine 79.95, and potassium 39.13. 
More recent determinations of the atomic weight of platinum 
give the figure 194.34. The above quantities therefore evi- 
dently do not give the proportion PtCl,: 2K Br. However I 
have endeavored to meet this point by using 1.404 grams of 
potassium bromide and 12.99 cc. of platinum solution = 1.163 
grams ofplatinum, conforming thusto the proportion PtCl,:2KBr 
according to the atomic weights used by Pitkin. 
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In the replacement of potassium bromide by potassium chlo- 
ride the more recent atomic weights were used. Potassium 
39.03, chlorine 35.37. and bromine 79.76. 

The quantities of the various substances actually used in the 
four experiments were: 


TABLE I. 


H,PtCl, Sol. H,0. KBr. KCl 

ec, ce. Grams. Gram 
A-cvcecces sss 12.99 57-00 1.404 = eeece’s 
Bw cee e cece cece 12.99 57.00 1.200 0.1278 
Ccedesienes toes 12.99 57-00 I,000 0.2531 
Dive vectoe sce 12.99 57.00 0.800 0.3784 


When the two solutions in each case were first mixed a small 
quantity of alight yellow precipitate was thrown down. On 
boiling with an inverted condenser all dissolved, the solutions 
becoming dark red. After cooling bright red octahedral crys- 
tals separated in each case, growing slightly lighter in color 
from A to D. The crystals were prepared for analysis as 
described above. On analysis the following results were 


obtained : 
TABLE II. 
Clin dis- Brindis- Clin resi- Brinresi- Total Total 
Pt. tillate. tillate. due due. Cl. Br. 
Per cent. Percent. Percent. Percent. Percent. Per cent. Per cent 
A ++ 34.93 23.19 4-47 4.74 18.12 27.93 22.59 
Bs. 35.00: - 24.61 2.03 6.19 15.47 3E.IO 17-50 
C .. 36.46 26.02 T.04 7.58 12.93 33.60 13.97 
D .. 37.07. 26.73 0.31 8.41 11.44 35-14 11.75 
TABLE ITI. 
Calculated for Calculated for 
KgPtCl,Bry. A B. C. D. KPtCl,Br 
Pt per cent----- 33-89 34.93 35-90 36.46 37.07 36.74 
CO Ee ES Ta aces 24.67 27.93 31.10 33.60 35.14 33.43 
Be) SS aewes 27.82 22.59 17.50 3-97. 11.75 15.08 


Atomic ratio 
Pt: (Cl Br) ---+ 135.907 135.95 1: 6:00: 1 } 5.98 


From these results it is evident that four substances have been 
prepared, each differing in composition from the two nearest 
members of the series described by Pitkin, K,PtCl,Br, and 
K,PtCl,Br. 

Furthermore the crystals show a variation in composition in 
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accord with the variation in composition of the solutions from 
which they formed. (See Table I). Yet in all four substances 
the atomic ratio of platinum to chlorine and bromine combined 
is practically 1:6. Again, if we assume C to be an isomorphous 
mixture of K,PtCl, and K,PtBr,, then 33.60 per cent. of chlorine 
requires 30.77 percent. of platinum, while 13.97 per cent. of bro- 
mine requires 5.68 per cent. of platinum, giving the total per 
cent. of platinum required by this assumption 36.45. There was 
actually found 36.46 per cent. 

In the hope of gaining some light upon the nature of these 
substances, separate determinations of chlorine and bromine 
were made in the portion which passed off in the current of 
hydrogen and in the portion combined with potassium in the resi- 
due. No definite conclusion on this point can be drawn from the 
results, except that a portion of the hydrobromic acid liberated 
decomposed a portion of the potassium chloride, setting free 
hydrochloric acid. Thermochemical considerations lead us to 
expect this as has been pointed out already by Pigeon. The 
results in Table III seem to show that the substances are iso- 
morphous mixtures. 

Pitkin’s principal argument in support of the idea that the 
substances obtained by him were true chemical compounds is 
that the successive crops of crystals obtained from a solution of 
platinum chloride and potassium bromide are identical. Three 
successive crops were analyzed by him and gave the per cents. 
of platinum respectively, 34,22, 34.70, and 34.39. No determi- 
nation of bromine or chlorine was made. ‘To test this point 
more thoroughly the mother-liquors from A, B, C, and D above 
were evaporated to about one-half of the previous volume and 
allowed to crystallize. Crystals were obtained in each case 
closely resembling the first crops obtained from the respective 
solutions. These crystals, desiginated A’, B’, C’, D', gave on 
analysis: 

TABLE IV. 


Atomic ratio. 


Pt. per cent. Cl. per cent Br. Per cent. P:(C1+ Br). 
Pl Cearenicieiaisinin 33.48 25-37 26.26 I : 6.08 
B! cece cece 34.10 26.14 25.58 1: 6.04 
OW cece uiews 35-27 28.30 22.25 I S505 
Raiewsere!wiseisie 36.10 31.63 I} 5.97 
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Potassium was determined in A’. There was found 13.59 per 
cent. 

Finally the mother liquors from A‘, B', C’, and D' were allowed 
to evaporate spontaneously until all water had passed off. A 
third crop of crystals was thus obtained in each case. These 
crystals closely resembled the former crops in regard to crystal 
form, but were much darker in color. They were designated 
AY IB! Ce and bl. 

‘A slight odor of hydrochloric or hydrobromic acid was noticed 
in each vessel when the evaporation was complete. On analysis 
the substances gave the following : 

TABLE V. 


Atomic ratio. 


Pt. per cent. Cl. per cent. Br. per cent. Pt : (Cl + Br) 
AN cece cceeee 32.76 20.53 33-14 I: 5.91 
Bl! wees ee eeee 32.88 22.30 31.36 I: 6.05 
Lee Tere 34-35 26.44 24.21 I: 5.95 
D! 2 ee ee eee 35.09 28.01 22.20 55:02 


By combining Tables II, IV and V it will readily be seen that 
the successive crops of crystals obtained from a solution are by 
no means identical, thus: 

TABLE VI. 


Pt. per cent. Cl. per cent Br. per cent 
). GES 34.93 27-93 22.59 
UY cia acanaravatact aisle Qrarkie diva ae aaa 33.48 25-37 26.26 
Allo scne cose coed ccvcscoss eee 32.76 20.53 33-14 
B cece cece ccc cece vesevece 35-90 31.10 17.50 
Bi ovivcwetececeisieeticcwveuceecc 34.10 26.14 25.58 
BY .cvcscccssecsvecsvessecae 32.88 22.30 31.36 
Cale cralecissnmiceeis moet remcaes 36.46 33.60 13-97 
AM ines satin Wielee Baiearoesaveaees 35-27 28.30 22.25 
Cl. cccccccvcccvcc sees cccces 34-35 26.44 24.21 
D cece cece cevecs cesses svececs 37.07 35-14 11.75 
DD! ics ccniissiccss becectivensse 36.10 31.63 17.09 
TD ives aie sicectarseeerseeriant 35.09 28.01 22.20 


If these results be arranged according to the per cent. of 
platinum, it will be seen that twelve substances have been pre- 
pared, each varying from the calculated per cents. for K,PtCl,Br, 
or K,PICI,Br, yet approaching these more nearly than any of the 
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other members of the series prepared by Pitkin. In all of the 
twelve the atomic ratio of platinum to chlorine and bromine com- 
bined, allowing for error in the analytical work, is practically 
1: 6, which is required if the substances are isomorphous mix- 


tures : 
TABLE VII. 
Atomic ratio 
Pt. per cent. Cl. Per cent. Br. Per cent. Pt:(Cl-+ Br). 
Al! .eccces cece 327 20.53 33-14 I; 5-91 
Bl! .cccccvccces 32.88 22.30 31.3 1 :605 
AU sca wianient esi 33-48 25-37 26.26 I : 6.08 
Be wenuiscsecscr 34.10 26.14 25.58 I: 6.04 
oe oteuin omen sre 34.35 26.44 24.21 I: 5-95 
A ccccsesccccce 34.93 27.93 22.59 I 35.97 
DP saaiceniscaives 35.09 28.01 22.20 I 35.93 
Cen raaieiniews se nals 35.27 28.30 22.2: I 35.95 
B.-cccee ee eeeee 35-90 31.10 17.50 I. 5-95 
Dis vsvionnsie'een 36.10 31.63 17.09 i 35-97 
Siiisbnatscwecns 36.46 33.60 13.97 I : 6.00 
ID "eieebcnS'owienn' 37-07 35-14 11.75 I: 5-98 


In addition to these, five other compounds were prepared. In 
these platinum was determined by electrolysis. 

The per cents. of platinum found in these were 35.05, 34.94, 
34.43, 34.00, and 33.26. 

Pitkin relied upon analytical data in which no attention was 
paid to a variation of one-half per cent. and in one case one per 
cent. in the amounts of platinum present in different substances. 
Such were considered identical. By an inspection of Table VII 
it will be seen that such a variation in the platinum means so 
great a variation in the chlorine and bromine that it is impossi- 
ble to consider such substances identical. 

From the above evidence there seems little doubt but that the 
substances are isomorphous mixtures. To test the point still 
further a large portion of A was dissolved in hot water : on cool- 
ing, crystals quite similar to A separated. These were dried and 
designated X. The analytical results are placed side by side 
with those of A for convenience in comparing the two. 


TABLE VIII. 


Atomic ratio 
Pt. per cent. Cl. percent. Br. percent. Pt: (Cl+Br). 


A seeeeee ee ee es 34-93 27.93 22.59 1: 5.97 
ies iaia ars isiaroie cers 35.48 29.96 18.80 135.03 
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By recrystallization the first crop obtained was thus evidently 
richer in the more insoluble compound, K,PtCl,. This would 
be expected in the case of an isomorphous mixture of two sub- 
stances differing in their degree of solubility. 

Further evidence of the mixed nature of the substances was 
obtained by placing a considerable quantity of the substance X 
in a well fitting glass stoppered bottle, pouring upon the finely 
powdered substance a quantity of water quite insufficient for 
complete solution in the cold, placing the stopper in the bottle 
and shaking thoroughly severaldays. After being shaken for a 
short time and the undissolved portion allowed to settle, it was 
found that instead of the homogeneous powder, originally pres- 
ent in the bottle, two distinct layers were now present, one a 
dark red, the other alight yellow. Evidently the water had dis- 
solved the more soluble red bromide to a larger extent than the 
less soluble yellow chloride. After four days the liquid was fil- 
tered from the undissolved residue. This residue was thor- 
oughly dried, powdered, and intimately mixed and labelled Y. 
Its analysis, compared with the original substance X showed 

TABLE IX. 


Atomic ratio 


Pt. per cent. Cl. per cent. Br. per cent Pt : (Cl + Br). 
> Cee 35.48 29.96 18.80 £ $5.03 
Weceduecemas 35.87 30.98 17.80 I: 5-96 


confirming thus the idea that the more soluble bromide had dis- 
solved to a larger extent than the less soluble chloride. 
SUMMARY. 

Four lines of evidence have thus been adduced, all pointing 
to the conclusion that the double halides of platinum and potas- 
sium containing more than one halogen are isomorphous mix- 
tures of different double halides containing only one halogen: 

1. The formation of a series of substances varying in composi- 
tion approximately as the variation in the composition of the 
solutions from which they crystallized. None of these substances 
correspond to the formulas proposed by Pitkin, but all show an 
approximate atomic ratio, platinum to chlorine and bromine, of 
1:6. Fifteen other substances, all varying in composition, 
have been prepared ; in ten ofthese the atomic ratio of platinum 
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to chlorine and bromine was found to be practically 1 : 6, in the 
other five platinum alone was determined. 

2. The successive crops of crystals obtained from a water 
solution of chloroplatinic acid and potassium bromide are not 
identical, but show gradually increasing proportions of the 
more soluble potassium platinibromide and correspondingly 
decreasing proportions of the less soluble potassium platini- 
chloride. 

3. On recrystalling from water one of the substances under 
examination, the first crop of crystals is not identical with the 
original substance but is a product richer in chlorine and corres- 
pondingly poorer in bromine. This is to be expected on recrys- 
tallizing an isomorphous mixture of two substances differing in 
degree of solubility. 

4. On treating one of the substances obtained with a quantity 
of water insufficient for complete solution, the more soluble bro- 
mide was dissolved from the mass to a greater extent than the 
less soluble chloride. This was confirmed both by the appear- 
ance of the insoluble residue and its analysis. 

At the beginning of this investigation Mr. Henry Hillyer, Jr., 
a student in this laboratory, was associated with me in the work. 
His sad death at his home in Augusta, Ga., on April 4, 1895, 
terminated this association. I desire to here pay tribute to his 
rare qualifications as an investigator and to the manliness which 
characterized.his every act. 

UNIVERSITY OF GEORGIA, 


NOVEMBER Q, 1895. 


THE QUALITATIVE EXAMINATION OE ACETANILID. 


BY CHARLES PLATT. 


Received November 22, 1895 
N view of the deficiency in the analytical literature of 
| the acid anilids the following tests may prove of interest. 
The formation of acetanilid, or phenylacetamid, C,H,NHC,H,O, 
from anilin and glacial acetic acid 
C,H,NH, + C,H,O.OH = C,H,NHC,H,O + H,O, 
and the corresponding formation from anilin and acetyl chlo- 


ride 


C,H,NH,+ C,H,OCI = C,H,NHC,H,O + HCl, 
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suggest the adaptability of various color reactions with the acids 
and alkalies. The physical constants have been determined and 
the decomposition of the anilid made to serve for its identifica- 
tion. 

Acetanilid is a white crystalline powder neutral in reaction 
and tasteless but producing a slight burning sensation when 
placed upon the tongue. Examined under the microscope it is 
found to be made up of broken crystalline plates. The melting 
point, commonly given as 113°-114°, is determined by the writer 
as fairly constant at 112°. Heated on platinum, acetanilid 
volatilizes without leaving a residue, and, when ignited, it 
burns completely with a yellow flame. At 15° it is soluble in 
about 190 parts of water and in five parts of alcohol. It is solu- 
ble in eighteen parts of boiling water and in about five-tenths 
part of boiling alcohol. It is soluble in the cold in ether, chloro- 
form, acetic acid, nitric and sulphuric acids, and ,when warmed, 
in hydrochloric acid. On boiling with water, oil-like globules 
separate out and the solution on cooling recrystallizes in large 
but delicate six-sided plates. 

Reaction with Concentrated Nitric Acid.—Acetanilid is easily 
soluble in strong nitric acid, the solution being colorless in the 
cold but turning to a yellow, then brownish red, on gentle 
warming, nitrogen oxides being at the same time evolved. 
The colorless solution on standing in the cold gradually acquires 
alight green tint but finally changes, through yellow, to red, 
with formation of red acicular crystals. This red solution gives 
off the odor of nitrobenzene. A similar appearance and odor 
are produced by evaporating nitric acid solutions ; an oily resi- 
due of decided odor being produced by rapid evaporation, a 
crystalline residue of slight odor by slow evaporation. The nitric 
acid solution has been described by one writer as colorless; by 
another as brown, then blue, then colorless. 

Reaction with Dilute Nitric Acid.—The acetanilid is slowly sol- 
uble in the cold, and without change in color but with separation 
of oil-like globules. This solution on slow evaporation gives a 
brown residue with slight purplish tint. By boiling with diiute 
nitric acid a colorless solution is obtained, with evolution of 
pungent fumes. 
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Reaction with Concentrated Sulphuric Acid.—A colorless solu- 
tion is formed, unaffected by heating to boiling. The solution 
in cold concentrated acid, on long standing, acquires a pink to 
brown color. With an excess of the acetanilid the pink colora- 
tion develops quickly, is well marked, and changes gradually to 
an orange by reflecting light. Asa final change tufts of delicate 
acicular crystals appear and the solution gradually becomes 
colorless. 

Reaction with Sulphuric Acid and Potassium Chromate.—A 
solution in concentrated sulphuric acid is turned to a dark green 
on addition of a few drops of potassium chromate. A solution 
in concentrated sulphuric acid, subsequently diluted, gives no 
reaction at first with the potassium chromate but on standing is 
gradually turned to a reddish-brown, and finally to a dark 
olive-green. A similar reaction to the last is produced by addi- 
tion of the chromate to a solution in cold dilute acid. 

Reaction with Hydrochloric Acid.—The acetanilid’ easily dis- 
solves in hydrochloric acid when warmed and no precipitate is 
produced by subsequent dilution with water. 

With hydrochloric acid and potassium dichromate there is no 
well marked reaction. 

Reaction with Hydrochloric Acid and Potassium Permanganate.— 
An olive-green coloration is obtained by adding a small crystal 
of the potassium permanganate to the solution in hydrochloric 
acid. On standing the color is changed to a mahogony-brown. 

Reaction with Hydrochloric Acid and Chromic Acid.— A solution 
of acetanilid in hydrochloric acid, diluted, and treated with a 
weak solution ofchromic acid gives a yellowish-green coloration, 
which gradually turns to a dark green. Potassium hydroxide 
produces a blue precipitate in this solution. 

Reaction with Hydrochloric Acid and Bromine.—Bromine water 
added in excess to a solution in hydrochloric acid produces a 
heavy yellow to white precipitate of the monobrom derivative of 
anilin. This precipitate examined microscopically is found to 
be made up of a fine interlacing net-work of needlesor fiber-like 
crystals. A similar precipitate is obtained by means of bromine 
water in a water solution of the acetanilid. 


Reaction with Hydrochloric Acid and Chlorine.—Chlorine water 
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added toa solution in hydrochloric acid gives a dark blue colora- 
tion which afterwards fades. A similar reaction is obtained by 
substituting for the chlorine water a filtered solution of bleach- 
ing powder. 

Mercuric chloride added to the hydrochloric acid solution 
gives no precipitate. 

Dissolve some of the powder in a little hydrochloric acid and 
add, first, a few cc. of five per cent. phenol, then a little clear 
saturated solution of chlorinated soda or lime. The solution 
acquires a brownish-red color turning to a blue on addition of 
ammonium hydroxide in excess. 

Reaction with Potassium Hydroxide.—By heating some of the 
powder with potassium or sodium hydroxide the characteristic 
odor of anilin is developed. 

Reaction with Potassium Hydroxide and Chloroform.—By heat- 
ing with potassium or sodium hydroxide anda few drops of 
chloroform the characteristic odor of an isonitrile is developed, 
phenylisocyanide being formed. 

Reaction with Sodium Nitrate and Sulphuric Acid.—The 
powder mixed with sodium nitrate and sprinkled upon concen- 
trated sulphuric acid produces a fine red coloration. 

Reaction with Ferric Chloride.—A cold saturated water solution 
added to neutral ferric chloride produces no change in color. 

Reaction with Zinc Chloride.—Acetanilid heated to 270° with 
an equal weight of zinc chloride produces, first orthoamidoace- 
tophenone, in small amount, and then flavanilin C,H,,N,, a yel- 
low substance with a green fluorescence, a derivative of quino- 
lin. It is stated in a number of text-books that acetanilid 
boiled with zine chloride, anilin, and acetic acid will produce 
amidoacetophenone, C,H,NH,C,H,O, but this test is untrust- 
worthy inasmuch as the regents used will produce this sub- 
stance in absence of acetanilid. The paramidoacetophenone 
produced is crystalline in nature, while the ortho derivative 
formed in the previous test by heating zinc chloride and acetani- 
lid in a yellow oil of high boiling point and with a characteris- 


tic sweetish odor. 
Reaction with Plugge’s Reagent.—Boil the acetanilid with 
water, cool and filter off if necessary, then boil again with potas- 
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sium nitrite and dilute nitric acid. Mix with Plugge’s reagent, 
a solution of mercurous nitrate with a little nitrous acid, and 
again heat to boiling. A deep red color is developed. 

Antipyrin and phenacetin, two other popular antipyretics 
much used in medicine, may be readily distinguished from acet- 
anilid by the foregoing tests. Antipyrin, for instance, with 
ferric chloride gives a deep-red coloration and is precipitated 
from its solutions by mercuric chloride. It has approximately 
the same melting point as acetanilid, but, unlike the latter, is 
decomposed by further heating. The characteristic reactions for 
phenacetin have been given by the writer in a former article.’ 

Comparative tests have been made upon various samples of 
acetanilid of domestic and foreign manufacture. The products 
of reputable houses seem to be practically identical with the ex- 
ception of difference in perfection of crystallization and a cor- 
responding difference in appearance. 


CHEMICAL LABORATORY, HAHNEMANN 
MEDICAL COLLEGE, PHILADELPHIA. 


HEATS OF SOLUTION OF SOME CARBON COMPOUNDS. 
By C. I,. SPEYERS. 


Received October 14, 1895. 
HE following paper contains a few data about the heats of 
solution of some solid carbon compounds in water, methyl 
alcohol, ethyl alcohol, propyl alcohol, chloroform, and toluene. 

The simple method given by Nernst’ was used. 

The calorimeter was made of thin glass. The rim wasground 
to take the cover which fitted fairly well against the inside 
ground rim of the beaker, not air tight but tight enough to pre- 
vent appreciable evaporation of the more volatile solvents dur- 
ing the experiment. The cover had three holes with short 
tubulures. The center tubulure carried a test-tube firmly fast- 


ened with a cork, the second tubulure as close to the center one 
as possible, carried the thermometer, while the third one, some- 
what farther from the center, let the handle of the platinum 
stirrer pass through; see figure. The calorimeter held com- 


1/J, Anal, Appl. Chem., 7, 2. 
2 Ztschr. phys. Chem., 2, 23. 
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fortably 375 cc., none of the liquid spatter- 
ing against the cover while stirring. In 
calculating the water value of the calori- 
meter, the cover, being some distance from 
‘mm the surface of the solution, was not consid- 

esa ; as the calorimeter without the cover 
weighed 64.70 grams, its value was 64.70 
X 0.195 = 12.63 grams. lLateron this cal- 
orimeter was broken and replaced by an- 
other whose value was 69.44-+0. 195 = 13.54 
—|grams water. The first calorimeter with 
cover weighed 87.60 grams, the second 
one, 94.90 grams. 

The bottom of the test-tube which held 
the substance to be dissolved was about 
-- —]- | two inches belowthe surface of the solvent. 
- |-{ A glass tube closed at both ends and 
re md blown out a little at one end, projected 
above the projecting vessels of the calori- 
meter and ran down to the bottom of the 









































test-tube. A sharp tap on the top shattered the bottom of the 
test-tube and the solvent entering quickly dissolved the solid 
when the latter was rubbed off the sides of the test-tube by the 
swelled tube. This was quite necessary, for the finely powdered 
solids made a pasty mass with the solvent and stuck tenaciously 
to the test- tube. 

The test-tube were so near the same size and dipped so equally 
into the solvent that the water value of this part could be con- 
sidered constant. Ina few exceptional cases the test-tubes were 
of a different size. ‘The same plunger was used throughout. 

The platinum stirrer was made of ordinary laboratory foil 
stiffened with wire. It was disk-shaped and about nine cm. in 
diameter. From the circumference inward, about one cm., 
and then parallel with the circumference about two cm., cuts 
were made. The pieces thus partly cut loose were bent alter- 
nately up and down. A stout platinum wire was welded to the 
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disk, and ended in a cork, to serve as a non-conducting handle. 
A circular hole in the center let the thermometer and test-tube 
pass through, This stirrer has already been described in the 
chemical literature ;' it was very effective. Its total weight, 
without cork, was 12.036 grams, but as only 9.948 grams dipped 
into the liquid, its value was taken to be 9.948 XK 0.0324 = 0.322 
gram of water. 

The thermometer was made by GOtze some seven years ago. 
It was divided into hundredths of a degree and thousandths 
could easily be estimated when observing through a telescope. 
Its value was determined by cooling in ice and plunging into the 
calorimeter, as well as by measurement and computation ; it was 
1.0 gram water. It was carefully calibrated. 

The solutions were so dilute, their specific heats could be rea- 
sonably considered equal to those of the pure solvents. 

The calorimeter stood on three hard wood pins in a bright tin 
vessel, large enough to leave an air space of an inch all around. 
The sides and top of the tin vessel were covered with felt. This 
tin vessel in turn stood on three pins in another bright tin ves- 
sel, leaving an air space of two inches all around. The sides 
and top of this tin vessel were likewise covered with felt. In 
turn, it stood in a third bright tin vessel, leaving an air space of 
two inches all around. This last vessel had only a top cover of 
felt. It was immersed to within an inch of the top in water con- 
tained in a large galvanized tank about seventy-five cm. in diam- 
eter and thirty cm. deep. The temperature of the water was 
kept around 25°. 

These arrangements were required because the experiments 
were carried on at night in asmall room and the abundant 
radiation had to be checked. They answered the purpose. 

The solvent was contained in a calibrated flask. This stood 
on a piece of felt in a bright tin vessel, whose sides and top were 
covered with felt. This vessel in turn stood on three hard wood 
pins in another bright tin vessel which had only a top cover of 
felt because it was immersed to within an inch of the top in the 
water of the large tank just mentioned. The flask was carefully 
calibrated for delivery. It hada long neck with a felt wrapping 


11 cannot recall where. 
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to protect against the heat of the hand when pouring out the 
solvent. 

Some hours before an experiment was to be made the flask 
was filled and put in the proper vessel in the tank. The calorim- 
eter, with substance in the test-tube, and test-tube, thermome- 
ter, and stirrer, in place, was also put in the proper vessel in the 
tank. When the time came, the solvent was carefully poured 
into the calorimeter and the apparatus put together again. The 
mercury in the thermometer soon assumed a slow, regular 
motion. Observations were then made every minute for five 
minutes, at the same time the liquid was stirred slowly and regu- 
larly. At the end ofthe fifth minute a sharp tap on the project- 
ing glass tube shattered the bottom of the test-tube and a few up 
and down rubs removed the pasty mass from the walls of the 
tube. The stirring was kept up all the time, slowly and regu- 
larly. The solution was generally completed within a minute, 
but in any case, no more than five minutes were required for 
complete solution. The mercury then resumed the previous 
slow and regular movement. The beginning of this regular 
movement was sharply marked and showed when solution was 
complete. The mercury was again observed every minute for 
another five minutes. The change in temperature from the time 
of adding the solid to the time of slow and regular movement 
was considered as the change in temperature produced by dis- 
solving the substance. 

The corrections were calculated by Regnault’s and Pfaundler’s 
method.’ 

In the following tables, these abbreviations are used : 

m= mass of substance dissolved in grams. 

At'= average change in temperature for one minute during 
the first five minutes. 

4t’ = ditto during the second five minutes. 

t = correction. 

AT = corrected change in temperature produced by dissolv- 
ing the substance. 

M=value in grams of water, of liquid, calorimeter, ther- 
mometer, test-tube, and plunger. 


1 See Berthelot: Calorimetrie chimique, p. 41. 
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q= quantity of heat in small calories connected with the solu- 
tion of m grams of substance. 

Q= quantity of heat in small calories connected with the 
solution of one gram molecule of substance. 

T = temperature of solvent at commencement of experiment. 

HEATS OF SOLUTION IN WATER. 

The water was carefully distilled, but was not further puri- 

fled. 
Urea. 

The urea came from Merck ; it was recrystallized from alco- 
hol, powdered, and dried. Melting point = 132.7° cor.; melt- 
ing point according to Beilstein = 132”. 


oat 

m At). At,. t. AT. M. q. Q. = 
3.2909 +0.0008 --0.0018 —0.004 —0.518 389.4 --201.7 —3690 24.5 
1.1498 —0.0014 —0.0014 --0.001 --0.176 389.6 -- 68.57 —3577 24.2 





Average, ——3628.5 cals. 
Thomsen gives 3349 calories ; Ostwald, quoting Berthelot and 
Petit, gives 46 K, where K may be considered as 100 calories. 
Urethane. 
The urethane came from Kahlbaum. Melting point = 48. 
cor. It was melted, dried and powdered. Melting point = 47.3 
cor. ‘Tested for chlorine, but none found. 


5 
3" 





m. At). At,. t. AT. M. q. O. tT. 
4.3687 --0.0026 0.0048 --0.005 -—-0.479 388.4 --186.6 3801 22.5 
0.9380 --0.0026 —0.0020 --0.002 —0.102 389.8 --39.74 —-3773 23-5 

Average, -——3787 cals. 


Chloral Hydrate. 


From Kahlbaum. Aqueous solution slightly acid. On add- 
ing silver nitrate and nitric acid to an aqueous solution, a slight 
precipitate formed after twenty-four hours. Concentrated sul- 
phuric acid caused the separation of chloral, without any colora- 


tion. Melting point= 49.4° cor. Beilstein quotes melting 
point =.57°; Fehling gives figures varying from 46° to 58°. 

m. At,. Aty. t AT M. q. Q. T 
10.6187 —o.oolo —o.0018 —0.002 —0.175 389.8 —68.20 —I061 23.5 
3-7933 —0.0024  —0.0028 —0.004 —0.047 389.6 —18.31 —797 22 





—g29 cals. 





Average, 
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Ostwald quoting Berthelot would make the heat of solution 
8.1 K on 810 cals. at 22°, the heat of solution decreasing with 
rising temperature. 

Succinimide. 

From Kahlbaum. Recrystallized from water and dried at 
85°-100°. Small quantity of white fume given off at about 95°. 
Melting point = 124.5° cor. Beilstein gives 125°-126°. 





m. At;. Ato. t. AT. M. q. Q. fy 
5.5606 —0o.0040 --0.0080 —0.024 —0.621 389.6 —242.0 —4306 21.5 
2.3592 —0.0026 —0.0024 —0.002 —0.262 389.5 —I02.0 —4282 23.2 

Average, —4294 cals. 
Acetamide. 


From Eimer and Amend. Distilled in ammonia and stirred 
while cooling to get small crystals. Seemed to be slightly moist 


though carefully protected from the air. 


Melting point = 73.3" 


cor. Beilstein gives 82°-83°. Fehling gives 78°. 








m. At,. Ate. £. AT. M. q- Q. Zs 
5.1249 0.0000 —0.0006 —0.001 —0.439 389.6 —I7I.0 —I969 24.0 
2.7516 —o.0016 —0.0022 —0.002 —0.241 389.7 —93.90 —20I4 23.0 

Average, —I9ggI cals. 


Ostwald, quoting Berthelot and André, gives 19 K or 1900 
cals. 
Mannite. 


From Kahlbaum. Crystalline white. Was not further puri- 
fied. Melting point = 165.5° cor. Beilstein gives 164°-166°. 





m. At). Ate. t. AT. M. q- Q. = 
4.5287 —0.0028 —0.0056 —O.OII —0.335 389.5 —I30.5 —5245 22.5 
2.1767 —0.0004 —0O.00I0 —0.00I —0.162 389.8 —63.14 —5279 23.5 

Average, —5262 cals. 
Sugar. 


Prepared from the purest rock candy obtainable. Only well 
developed crystals were kept. These were washed with water, 
dried, and powdered. Only a trace of glucose could be found. 
6.3794 —0.0006 —0.0004 —0.001 —0.061 389.8 —23.73 —1275 23.0 


2.6436 -+c.0004 -+0.0002 —0.000 —0.027 189.4 —I0.52 —I36I 22.7 


/ 





Average, —1318 cals. 
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Resorcinol. 

From Kahlbaum. Crystallized. Was assumed to be pure. 
Melting point = 110.6° cor. Decomposed a little on melting. 
Beilstein gives melting point =110° and 119°. 

m. St). At, t AT. M. q. Q. c ie 
6.0850 —0.0020 —0.0030 —0.003 —0.564 389.6 —219.7 —3970 23.5° 
3.0595 +0.0040 —0.00060 —o.001 —0o.282 389.6 —109.8 —3950 22.5° 





Average, —3960 cals. 
HEATS OF SOLUTION IN METHYL ALCOHOL. 

Methyl alcohol from Kahlbaum. labeled ‘‘ Acetonfrei.’’ 
Dehydrated with large excess of calcium oxide. After twenty- 
four hours distilled. Portion coming over at 64.3° cor. was used. 
Sp. gr. = 0.79619 = 99.9 per cent. methyl alcohol by Lan- 
dolt’s and Bjornstein’stables. Mass ofalcohol delivered between 
20°-25° = 373-9 X 0.7870 = 294.3 grams, or in water terms = 
294.3 X 0.62 = 182.4 grams water. 


Urethane. 
m. At,. At, t. AT. M. q. Q. T: 
1.5032 —0.0032 —0,0068 —0.014 ~—0.369 —198.8 —73.36 —4346 24° 
Acetanilid. 


From Kahlbaum. Recrystallized from alcohol. Air dried. 
White. Slight, agreeable, aromatic odor. Melting point = 
113.5 cor. Beilstein gives 112°; Fehling gives from 101°-113°. 


m. At). At,. t. AT. M. q- Q. T. 
2.1823 —0.0020 —0.0072 —0.018 —0o.361 —-198.8 —72.38 —4477 24.5 
Acenaphthene. 


From Kahlbaum. White. Recrystallizedfrom alcohol. Air 
dried. Melting point = 93.5° cor. Belistein gives 95° and 101°; 
Fehling gives over 100°, 


m. At). At.. t. AT. M. q.- Q. ¥: 
1.4266 —0.072 --0.0082 —o.008 —o.288 198.8 —57.26 -—6180 24 
Naphthalene. 


From Kahlbaum. White. Recrystallizedfromalcohol. Air 
dried. Melting point= 80.1° cor. Beilstein gives 79.2° and 
80.1°. 

m. At). Ate. t. aT. M. q. Q. b 
1.3594 —0.0co18 —0.0038 —0o.008 --0.226 198.8 —44.94 --4233 24° 

















w 
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HEATS OF SOLUTION IN ETHYL ALCOHOL. 


Ethyl alcohol from Eimer and Amend and Chas. Cooper and 
Co. Marked absolute. Distilled, treated with calcium oxide, 
and redistilled. Boiling point, 77.6°-78.7° cor. Sp. gr. +0.7873. 
Mass of alcohol delivered between 20° and 25° = 373.9 X 0.7873 
= 294.4 grams, or in water terms = 294.4 X 0.59 = 173.7 grams 


water. 
Urethane. 
m. At;. Aty. t AT. M. q- Q. ¥. 
3.4826 —0,001I0 —0.0084 —0o.01g —0.976 190.3 —185.7 —4746 23.5 
2.5207 —O.01I0 —0O.0172 —0O.017 —0.701 190.3 —1I33.4 —47I0 23.8 





Average, —4728 cals. 
Acetanilid,. 
m. St. At. t. Ar. M. q- Q. Ei 
2.8726 -+-o.0014 —0.0048 —0.009 —0.47I 190.3 —89.74 —42I12 —23 
Acenaphthene. 


m. At). At,. t. AT. M. q- Q. ks 
3.8306 -+0.0038 —0.0046 —0.009 0.772 190.1 —1I46.7 —5899 25.0% 
1.6855 —0.0014 —0.0024 —0.005 0.340 190.3 —64.71 —5614 23.6 





Average, —5906 cals. 
Naphthalene, 

m. At,. At, € AT. M. q. Q. T. 
2.9976 —0.0036 —0.0104 —0.02I —0.599 190.1 —113.9 486 24 
Urea. 

m. At,. Aty. & AT. M. q. Q. % 
1.3715 -+0.0003 —0.0046 —0.025 —0.434 I901 —82.6 —3612 24 
Acetamide. 

m. Aty. At,. t. AT. M. q.- Q. Bs 
3.4805 +0.0014 —0.0094 —0.01I9 —I.II9 190. —212.7 —3606 23.3 
Phenanthrene. 


From Kahlbaum. Crystallized three times from toluene. 
Air dried. Melting point = 100.4°. Beilstein gives 99°; Feh- 
ling gives 96° to 100°. 


m. At. Ate. t. AT. M. q. Q. = 
0.8259 —0.0008 —0.0022 —0.004 —O.I05 190.3 —I9.98 —4306 24 
Chloral Hydrate. 

m. At). At,. t, AT. M. q- Q. Fs 


8.0642 —0.0022 —0.0182 —0o.018 —0.029 190.3 —5.519 —II3.I 22 
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Succinimide. 
m. At). Aty. t. AT. M. q. Q. Es 
4.1413 —0o.0018 —o.0106 —0.043 —I.199 190.3 —228.2 —5456 21.5 


Benzamide. 
From Kahlbaum. Recrystallized from water. Air dried. 
Melting point 126.0°. Beilstein gives 123°; Fehling gives 125°. 


m. At). At,. t. AT. M. q- Q.  - 
1.9457. —0.0018 —0.0052 —0.005 —0.361 190.3 —68.7 —4238 22.5° 
Resorcinol. 

m. At). Ate t. AT. M. q. ©. <i 


4.2003 —0.0016 —0.0016 —0.0024 +0.054 190.3 --I10.28 42692 22.5° 
Toluidine (p). 

From Kahlbaum. Veryimpure. Recrystallized from alcohol 
three times. Slightly yellowish, turned darker on exposure to 
air and light while drying. Air dried. Melting point 44.6°. 
Beilstein gives 45°. 

m. At). Ats. ‘ AT. M. q.- Q. T 
3.4900 —o,0018 —0.0074 —0.007 —0.623 190.3 —I1I8.6 —3636 23.5 
1.3591 +0.0014 —0.0008 —0.00I —0.24I1 190.3 —45.87 —3665 24° 





Average, —3650 cals. 


HEATS OF SOLUTION IN PROPYL ALCOHOL. 


Propyl alcohol from Kahlbaum. Dehydrated with calcium 
oxide. Distilled. Distillate collected until an empyreumatic 
24° 
° 


odor was observed. Sp. gr. = 0.80128. Mass of alcohol 


delivered between 20° and 25° = 373.9 X 0.8013 = 299.5 grams, 
or in water terms = 299.5 X 0.66 = 197.7 grams water. 


Urethane. 

m. At;. Ate. t. AT. M. q. Q. 7: 
3.3360 —O.0144 —0.02I2 —0.02I —I.054 214.3 —225.9 —6045 24.7 
Acenaphthene. 

m. At). At. t. AT. M. q: oO. i 

3.0744 —O.0152 —0.0198 —0.040 —0.634 —214.3 135.9 —680 13 
Naphthalene. 

m. At. Ate. t: AT. M. q. Q. 3 i 

2.6408 --O.01I2 --0.0158 --0.032 0.547 214.3 --II7.2 --568I 23.0 


HEATS OF SOLUTION IN CHLOROFORM. 


Chloroform from Eimer and Amend, Powers and Weightman, 
g 
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and Charles Cooper and Co. Purified by washing with water 
till it gave no reaction for alcohol, drying with sulphuric acid or 
calcium chloride and distilling. Noreaction for impurities with 
Sp. gr. between 20° and 
= 373-9 X 1.479= 
129.3 grams 


silver nitrate or potasssum hydroxide. 
>= 1.479. Mass of chloroform delivered 
553-0 grams, or in water terms = 553.0 X 0.2337 = 


25 


water. 
Urethane. 

m At, At, & AT. M. q Q. ys 
3.2930 +0.0014 —0.0082 —0.032 —I.I€I 145.7 —169.2 —4573 23.5 
Acetanilid. 

m. At, Ate. t. AT. M. q- Q T. 
2.5859 -+0.0026 —0.0038 —0.022 —o.584 145.7 —85.10 —4442 24.5 
Acenaphthene. 

mi. At, Atg. E. AT. M. q- Q. Fr 
2.4138 -+o.o0o08 —0.0072 —0.035 —0.482 145.7 —70.23 —4480 21 
Naphthalene. 

ml. At). Aty. t AT. M. q. Q T 
0.9407 —0o.0060 —0.0052 —0.005 —0O.194 145.9 —28.31 —38.52 23 
Chloral Hydrate. 

m At, Ato. £. AF. M. q. Q 'E 
7-0497 —0.0042 —0.0368 —0.137 —I.753 145-9 —255-7 —5993 21-7 
Toluidin (p). 

m. At). Aty t. AT M. q. Q ss 
1.2787. —0.0028 —0.0034 —0.01I —0.286 145.9 —4I.74 3492 23.3 
HEATS OF SOLUTION IN TOLUENE. 
From Kahlbaum. Colorless. Redistilled. Boiling point 


Mass of 





110,4°-I10.7° 


toluene delivered 
= 322.3 X 0.3942 = 127.1 grams water. 


terins 
m. At,. 
1.7615 —0.0002 
m. At). 
5.1897 --0.0066 
1.6799 --0.0062 


Sp. gr. between 20° and 25° = 0.8621. 
3.9 + 0.8621 = 322.3 


a 
O16 


At, 
—0O.01I00 


Aty. 
—-0.0202 


0.0100 


grams, or in w 


Urethane. 


t. Ps oe M. q. Q 
—o.018 --0.881 143.7 --126.6 --6399 
Acenaphthene. 
t. AT. M. q Q. 
--0.020 --I.1I5 143.9 --160.6 -——4763 
--0.010 —0.366 143.5 --52.51 ——4818 





Average, --4788 


rater 


NO 
2 


N 
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QW 


cals 

















HEATS OF SOLUTION OF SOME CARBON COMPOUNDS. 
Napthalene. 

m. At). At. ts AT. M. q. Q. dj 
2.3937 —O.00I0 —0.0074 —0.007 —0.550 143.9 —79.13 —4332 23° 
0.9916 —0.0034 —0.0064 —0.013 —0.232 143.9 —-33.34 —4302 23° 

Average, —-4267 cals. 
Chloral Hydrate. 

m1. At). Ate. ‘ AT. M. q. Q. ye 

2.8739 —O.0090 —O.01I5€ —0.056 —0.913 143.5 --131.0 —7537 24° 
Phenanthrene. 

m. At). Ats. A Ax. M. q- Q. me 
3.6075 —0.0046 --0.0076 —0.0I5 —0.504 153-7 —72.71 —3588 24.7° 
1.3179 —0.0084 —0O.0108 —0o.0II —0.179 143.5 —25.69 —3469 23 

Average, —3528 cals. 
Toluidine (p). 

m. At). Ate. t, Ar. M. q. Q. 1 
3.8683 —0o.0080 —o.0189 —0.0I9 —I.247 143.7 —179.2 —4956 24.7° 
1.9525 -+0.0024 —0.0032 —0.003 —0.636 143.7 —9QI.40 —50II 23 


The quantity of solvent compared 
stances dissolved is so large that it 


Average, —4983 cals. 
with the quantity of sub- 


is safe to conclude that 


further addition of solvent would produce no appreciable evolu- 


tion of heat. 
that in many cases a difference of 100 p 
solvent produced no decided change. 


Besides, it is plain from the above experiments 


er cent. in the quantity of 


The following table shows the heats of solution in a conven- 


ient form for comparison. 


Methyl Ethyl 
Water. alcohol. alcohol. 

Urea ooesccccee — 3628 seen —3612 
Urethane ..-.-- —-3787 —4345 4728 
Chloral hydrate —929 ___...... —II3I 
Succinimide -- --4294 == ewww ee —-5456 
Acetamide ---- —I99I ——3606 
Mannite ...... — ROGS —siccewe seeks 
Resorcin ------ —-3960 se eeee +269.2 
Benzamide ..-. seesss = eeeeee —4238 
Toluidine (fp). 0.22. es eeeee —3650 
Acetanilide ... «+... —4477 —~4212 
Acenaphthene- ..---- -—~-6180 —5986 
Naphthalene... -....-- --4233 —4861 
Phenanthrene. o-220.  sccese —-4306 
Sugar .-+ee sees 1318 sw eeeee teen 
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Propyl 


alcohol. Chloroform. Toluene 
6045  --4573 —6399 
epee ne —5993 food 
neeee —-3492 —-4983 
eeeeee —-4442 eocere 
--6807 —-4480 ——4788 
—5681 ——3852 —-4267 
a ee ——3528 
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A STUDY ON SOME GAS-PRODUCING BACTERIA. 


By A. A. BENNETT AND E. E. PAMMEL. 


Received November 29, 1895. 
HE manifold interests connected with micro-organisms, 
because of their causal relations to certain diseases of 
man and also of the lower animals, and the part they play in 
many important economic problems have stimulated much 
investigation by physicians and biologists. The field is, how- 
ever, very great and the explorations have just begun. 

There are many questions connected with this subject that 
are yet unsettled and many that have not as yet been touched 
upon. The physician in studying micro-organisms has always 
before him the consideration of their relation to the disease in 
question. Other phases of the life of these germs are not at all 
considered by these investigators, thus leaving the important 
questions of classification, physiology and the chemistry of their 
life and development to the botanist and chemist. The purpose 
of this paper is to make a small contribution to a phrase of the 
chemical side of this question, namely, to a study of the gases 
produced during the development and growth of some micro- 
organisms. 

Although the study of the products of chemical decompostion 
formed by micro-organisms has not been very extensive or very 
thorough, yet much has been learned in a qualitative way. The 
substances produced by bacteria are quite numerous, including 
solids, liquids and gases. The same productsare often produced 
by different organisms in varying proportions. 

Among the solids produced are the ptomaines, indol, skatol, 
leucine, tryrosine, succinic and malic acids, etc. The liquid 
products include alcohol, acetic and lactic acids. The gases 
formed are quite numerous and include: hydrogen sulphide, 
ammonia, carbon dioxide, hydrogen and methane. In cases in 
which ammonia and hydrogen sulphide are produced simultan- 
eously, they unite and form ammonium sulphide. 

The importance of the study of these compounds, both quali- 
tatively and quantitatively, is evident when the character of 
such products as are included under the general term ptomaines 
and leucomaines, also tuberculin, antitoxine, etc., are consid- 
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ered. A knowledge of the gaseous products and the conditions 
under which they are formed is often of great service to the 
biologist in identifying different species. This is well illustrated 
by a condensed statement taken from anarticle by Dr. McWeeney 
in ‘‘ Modern Medicine and Bacteriological Review,’’ Vol. 3, 
August, 1894. 

Dr. McWeeney says in this article that he made a study of 
the microbic cause of an epidemic of typhoid fever, which had 
recently occurred in the village of Waterford, England, using 
the method of Pariettis, Globis, and others. He identified the 
microbes as those of Eberths (that causing typhoid fever), while 
the fermentation test of Dr. Theobald Smith, of Washington, 
indicated on the contrary that the bacillus was not that of 
Eberth, but was the bacillus coli, since it produced decomposi- 
tion of lactose, although not quite so freely as another specimen 
of bacillus coli with which it is compared. The bacillus of 
Eberth’s did not, however, produce decomposition of lactose as 
does the bacillus coli. 

It is a well known fact that micro-organisms, when sur- 
rounded by the conditions favorable to their growth, namely, a 
proper food supply, moisture, favorable atmospheric conditions, 
and temperature, develop very rapidiy fora time. However, 
after a certain period the rate of development diminishes until 
finally it ceases entirely, although there may be a large supply 
of food material still unused and the general conditions have not 
changed. For example, the saccharomyces produces alcohol 
from sugar until about fifteen per cent. of the media becomes 
alcohol, when action practically ceases. A twenty per cent. 
solution of alcohol is antiseptic. Many illustrations for the effect 
on the growth of bacterial forms might be adduced, but they are 
too familiar facts to be repeated here. 

In a study made by the authors an attempt was made to accu- 
rately estimate the constituents of the mixed gaseous products 
by a variety of bacteria. Hempel’s apparatus was used for the 
estimation of the gases. The pieces employed are shown in the 
cut that accompanies this article.’ The culture flask is the only 
apparatus that needs description. It consists ofa halfliter flask 


1 See Hempei’s “ Gas Analysis” for description. 
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closed with a three-holed rubber stopper, through one of the 
openings of which is passed the stem ofa 100 cc. separatory 
funnel until it nearly reaches the bottom of the flask. Into the 


f 
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second opening is inserted a fine capillary tube, bent at right 
angles, which serves to conduct the gas to the mercury 
gasometer. The third opening serves for the thermometer when 
temperature determinations are made. The flask is connected 
with the mercury gas-holder when ready for the connection of 
the gases. 

The separatory funnel was used for inoculating the medium. 
The method of procedure is as follows: The tank is filled nearly 
full of the food medium which had been properly sterilized. The 
separatory funnel, which was filled about two-thirds full of the 
sterilized medium, was now inserted and the whole resterilized. 
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The stopper was next crowded in and the stop-cock opened. The 
nedium in the funnel was allowed to run into and fill the small 
vacant space below the stopper and force the liquid through the 
capillary tube until the latter is filled over tothe mercury. The 
stopcock was then closed and the apparatus was ready for the 
collection of the gases. From the gas-holder the gas was trans- 
ferred to the burette and the analysis carried on in the usual 
manner, except that mercury was used in the burettes instead of 
water. 
PREPARATION OF THE MEDIA. 


The fluid in all cases was peptone bouillon containing either 
glucose, lactose, or cane sugar. The bouillon was prepared by 
using either 250 grams of finely chopped lean beef, or five grams 
of Liebig’s extract. After the meat was thoroughly cooked it 
was filtered, and to the filtrate was added five grams of salt, 
twenty grams of sugar and ten grams of dried peptone. It was 
then made up toa liter. The medium was now put in a flask 
and separatory funnel as before directed and sterilized for three 
successive days in a Kock’s steam sterilizer, when it was ready 
for use. The Liebig’s extract was treated in the same manner 
as was the meat extract. 

The bacteria in all cases were taken from fresh cultures, 
grown either upon agar-agar, gelatin or potato. The medium 
in which the bacteria grew was in all cases neutral. 

The following are the tabulated results of a few of the gas- 
producing organisms of which a study was made: 


TABLE No. I.—BACILLUS AROMATICA. 


Hy- 
Carbon dro- 
Kind No. dioxide. gen. 
of Gas present after days. ce. Per Per 
Temp. Date. sugar ; I 2 3 4 5 taken. cent. cent. 
tr. 28° July 23 Glucose. 0 87.5 173. 237.0 --++ 38.4° 26.04 73.9 
i” Oct. r Glucose. 0 +-- see oe 45.4 15.7 26.68 73.3 
2. 28° Aug.2 Cane---. 0 39.5 +--+ 93.8 122.9 18.7 23.5 76.4 
24° Aug.17 Cane.... o wee sees 32.2 21.8 78.0 
Aug. Io Lactose. o oO oO fe) oO fe) fe) oO 
Aug.15 Lactose. o fe) fe) fe) fe) oO fe) oO 








GAS-PRODUCING BACTERIA. 


TABLE No. II. —MicrRococcus FROM CHEESE. 
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Hy- 
; Carbon dro- 
Kind No. dioxide. gen. 
oO Gas prese 't after days. ce. Per Per 
Date. sugar. I 2 3 4 5 taken cent. cent. 
July 29 Glucose.--- 0 fe) oO oO oO oO oO fe) 
Sept. 22 Glucose---- o oO oO fe) oO oO oO oO 
Aug 2 Cane--+-++++ O fe) fe) oO oO fe) oO fe) 
Sept. 22 Cane.--coe. O oO fe) oO oO fo) oO oO 
Aug. 20 Lactose ---- 0 fe) fe) oO fe) fe) re) fe) 
Sept. 15 Lactose ---- O oO oO oO oO oO e) oO 
TABLE No. III.—JONES ANACROBE. 
Hy- 
Carbon dro- 
Kind No. dioxide. gen. 
of Gas present after days. ce. Per Per 
Temp. Date sugar I 2 4 5 taken cent. cent 
1. 28° Sept.6 Glucose.. 76.6 134.6 «-++ «s+ «- 24.3 27.8 72.1 
July 23 Glucose. ..- «sess sees cee co 92.0 11.5 82.4 
2) Aug. 29 Cane -.--- O 136.8 51.8 <<. «+ “se+ 42.3 57.6 
July 8 Cane sees cece eee oe 85.0 44.7 55-3 
a Aug. 6 Lactose.. oO oO oO Oo -:- oO o oO 
Sept. 15 Lactose.. oO oO oO Oo - oO o Oo 
TABLE No. IV.--BAciILLIs COLI COMMUNIS. 
Hy- 
Carbon dro- 
Kind No. dioxide. gen 
of Gas present after days. ce. Per Per 
Temp. Date. sugar. I 2 3 4 5 taken. cent. cent 
1. 28° Sept. 6 Glucose-- 119.6 162.0 «++. ++» O 31.0 25.16 74.8 
22° Sept. 30 Glucose... ---- 76.6 «++. ee+ «2+ 45.0 23.2 76.8 
2. 24° Aug. 17 Cane oO 7.5 34.0 40.1 0 37.0 34.3 65.4 
22° Oct. 15 Cane .-... oO sees cece 5.2 06+ 28.0 31.6 68.4 
3. 26° Aug. 27 Lactose -- oO sees coos 76.6 233.5 27.0 28.8 71.1 
Oct. 19 Lactose -- oO sess F4OE 600) cen 253 She  9ao 
TABLE No. V.—BacILLus CoLr1 ComMMuNIS.' 
Hy- 
Re- Carbon dro- 
Total gas action dioxide. gen. 
Per cent. of gas present after days. a of Per Per 
Kind of sugar I 2 3 4 5 6 y 20°-25°. bulb. cent. cent. 
days. 
Glucoss .---++ 28.0 44.0 47.0 «+ «2 e+ e y eces 32.0 68.0 
II days. : 
Cane «.----+-- 31.0 47.0 50.0 -- = Acid. 36.5 63.5 
Ss 
, Io days. . 
Cane --eeeeees 7.0 ++ 13.0 -- 15.0 16.0 Hing Alkali. 23.0 77.0 
Lactose ------ 28.0 42.0 45.0 48.0 -- 52.0 -- 45.0 seeeee 37.0 35.0 


1 This table taken from Dr. Theobald Smith’s work. 








162 A. A. BENNETT AND E. E. PAMMEL,. 


TABLE No. VI.—BACILLUS MESENTERICUS VULGATUS. 


Hy- 

Carbon dro- 

Kind No. dioxide. gen. 

of Gas present after days. cc. Per Per 

Temp. Date. sugar. I 2 3 4 5 6 taken cent. cent. 
22° C. Oct. 2 Glucose. o fe) oO oO oO oO oO oO fo) 
24° C. Oct. 7 Glucose. o oO oO oO e) fo) oO oO oO 
25° C. Sept.15 Cane .-. 0 76.6 99.6 166.90 O 32.2 61.1 38.8 


ga" ©.) (Oct: 15'Canéess s «ss “FOO tesicne cee - 92.0 63.7 36:3 
Sept. 22 Lactose. o oe+ 79.1 96. - 22.8 23.5 76.5 

A bacillus from butter-milk, not yet named, was used to inoc- 
ulate a glucose peptone medium. The results being negative so 
far as gas development goes they are not tabulated. Action 
began in the separatory funnel, in course of twenty-four hours, 
and gas was quite rapidly developed. No gas was found in the 
flask after standing for four days and until action had ceased in 
the funnel. An examination of the medium in the flask showed 
that it was very markedly acid, showing that decomposition had 
taken place. The result is of value only as it shows that this 
bacillus can develop in the same medium with or without air and 
that the products vary in kind and amount. 

STATEMENTS AND OBSERVATIONS ON THE TABULATED 

RESULTS. 

1. As before mentioned, the media were neutral in all cases 
and were peptone bouillon, to which were added the different 
sugars, as noted in the tables. 

2. The gas should not be analyzed until the action is about 
complete, owing to the fact of absorption of the carbon dioxide 
by the media. The first portions of the escaping gas were in 
the cases examined nearly pure hydrogen. Therefore in con- 
sidering the total gaseous products the absorbed carbon dioxide 
should be taken into account. It was found that each cc. of the 
media absorbed on the average at ordinary temperatures eight 
cc. of carbon dioxide. 

3. The temperature of the media has a marked effect, as is 
well known, on the rapidity and the time necessary for the 
development of the gas. 

A difference of ten degrees made a difference of four days in 
the time of completing the action in the case of bacillus aromati- 


cus. 
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4. It will be noticed that at the same temperature the action 
starts at different periods and that the maximum action occurs 
at different lengths of time from the time of inoculation. 

5. Alcohol was produced by several of the bacteria studied. 
Bacillus aromaticus produced no alcohol, but did form lactic 
acid. The micrococcus from cheese produced no gas in any 
case, Z. €., not enough to more than saturate the media, although 
there was evidence of quite active growth. 

6. The solutions were acid in all cases at the end of the 
action. Lactic acid was found in most cases. 

7. Jones’ anaerobe produced acetic and lactic acids with glu- 
cose, lactic acid, and only a trace of acetic acid with cane sugar. 
The alcohol was more abundant in the latter case. 

8. Bacillus coli communis produced no alcohol, but did form 
lactic acid. 

g. The bacillus mesentericus vulgatus rendered the media but 
slightly acid. No alcohol was produced. 

10. It should be noted that the amount of carbon dioxide pro- 
duced by the different micro-organisms studied varies with the 
kind of sugar used. See Table VI in reference to glucose and 
lactose. This evidently shows a sinaller capacity to procure 
oxygen in one case than in the other. 

11. Looking at the tabulated results under bacillus aromati- 
cus, it will be seen that the organism produces gas in solutions 
of glucose and cane sugar, but it does not produce any gas in 
solutions of lactose sugar. 

12. In comparing the total amounts of gases produced by dif- 
ferent species of bacteria, it is seen that they are the most active 
in glucose media, with the exception of bucillus mesentericus 
vulgatus, which produces no gas in glucose media. This fact 
will serve to distinguish this bacillus from a larger number of 
others. 

13. Bacillus aromaticus and Jones’ anaerobe produce gas in 
solutions of glucose aud cane sugar, but none in lactose sugar. 
Coli communis on the other hand produces gas in solutions of 
all three sugars, the largest amount of gas being produced in 
the lactose solution. 

Where no record of gas production is made in the tables it 








164 A. A. BENNETT AND E. E. PAMMEL. 


means that action practically ceased before this time was reached. 


SOME OF THE INVESTIGATIONS, PRINCIPALLY OF GASEOUS 
PRODUCTS, OF THE GROWTH OF MICRO-ORGANISMS 
ARE SUMMARIZED HERE. 

The following interesting conclusions from a study of stomach 
dilatation are drawn by Hoppe-Seyler : 

First. In not a few cases (thirteen out of twenty-two) there 
were present carbon dioxide and hydrogen. 

Second. The formation of hydrogen depends on butyric fer- 
ment. 

Third. The formation of this hydrogen goes on even when the 
fluid contents of the stomach reaches two per cent. of sodium 
chloride. 

Fourth. By removal of sodium chloride there is usually a 
larger per cent. of carbon dioxide. 

Fifth. By the yeast ferment carbon dioxide only is formed. 

Sixth. Often the dilated stomach only contains the gases that 
have been swallowed. 

Another very important investigation of the products of bacte- 
rial decomposition was made by Brieger, using the pneumo- 
coccus of Friedlander. 

By growing this specific germ in suitable solution of grape or 
cane sugar, he obtained principally acetic, together with some 
formic and succinic acids and ethyl alcohol. The same products 
were also obtained by the growth of this organism in solution of 
calcium lactateand creatine. Inbacillus ethaceticus the amount 
of alcohol and acetic acid stand to each other in virtually the 
same proportions as does that produced by bacillus pneumococ- 
cus, yet the absolute amounts produced are much less than in 
that of the latter. 

There is often some difference in the day when fermentation 
begins, but Frankland, Stanley and Frew remark that (although 
there is some difference in the several series of experiments as 
to the precise period which elapses between the time of inocula- 
tion and the commencement of fermentation) the balance of evi- 
dence points to the glucose being the least, and to the mannitol 
and cane sugar being the most fermentable. In the glucose fer- 
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mentation of pneumococcus the proportion of hydrogen to car- 
bon dioxide by volume shows that the gases are given off in 
approximately the same number of molecules of each, but when 
mannitol was used ten molecules of hydrogen to twelve mole- 
cules of carbon dioxide were produced. This larger proportional 
evolution of hydrogen in the case of mannitol is what might 
have been anticipated from a consideration of the larger per 
cent. of hydrogen in mannitol. 

Gartner also made some very interesting investigations. He 
studied mainly one bacterium, which he called a new gas-pro- 
ducing pathogenic bacillus. He inoculated different media 
containing varying quantities of sugar and peptone, also media 
showing different reactions. Different products and different 
proportions of products were obtained in most cases. He states 
that a three per cent. glucose medium gives a relatively larger 
per cent. of gas than a one and one-half per cent. solution ; also 
that an acid reaction hinders the production of gas and the total 
amount of gas is not as much as was formed from the same 
solution when it was neutral. 

Another investigator of the gases produced by bacteria 
deserves mention, namely, Dr. Theobald Smith, of Washington. 

Dr. Smith, in his analysis, used a fermentation tube devised 
by himself. The media and fermentation tubes were completely 
sterilized, after which the media was inoculated with specific 
germs. The gas was afterwards determined by using potassium 
hydroxide as an absorbing material for the carbon dioxide. The 
remainder of the gas he calls an explosive gas and assumes it to 
be hydrogen. 

The types of bacteria which he took were bacillus coli com- 
munis, hog cholera bacillus, B. lactis aerogenes, bacillus of 
Friedlander, B. aedematis maligni, proteus vulgaris, B. cloacea 
and saccharomyces. 

The result of his study of these micro-organisms was to show 
that the media conditions under which development took place 
modified the proportion of the gaseous products and the rapidity 
of their formation. His results also show that these facts may 
be used to a marked extent to determine species. 

The following is a short bibliography of this subject. 








166 W. P. MASON. 


BIBLIOGRAPHY. 

(1). ‘‘ Macfayden, A., Neucki, M., und Sieber, N. Untersuchungen 
iiber die chemischen Vorgange in menschlichen Dunndarm.”’ Central- 
blatt fiir Bakteriologie und Parasitenkunde, 10 Band. 

(2). Hoppe-Seyler, Zur Kenntniss der Magengahrung mit besonderer 
3erucksichtigung der Magengase. Aleutsches Archiv. F. Klin. Medizin 
Bd., 7892. 

(3). J. Petruscky, Bakteriochemische Untersuchungen. Centralblatt 
fiir Bakteriologie, 7, 7890. 

(4). ‘‘ Boret, Des gaz produits par la fermentation anaerobieum.’”’ An- 
nales de Micrographia 2, 322. 

(5). Frankland, Percy., F., Stanley, Arthur and Frew, W. Fermenta- 
tions induced by the Pneumococcus of Friedlander. (Transactions of 
the Chemical Sotiety of London, 7897). 

(6). Cramer, E., Die Zusammensetzung der Bacterium in ihre Abhang- 
igkeit von dem Nahrmaterial. (Arch. F. Hygiene, 7893). 

(7). Ein Neuergasbilden der Bacillus von Dr. F. Gartner. Central- 
blatt, 15 Band. ; 

(8.) Lander Brunton and Macfayden. The fermentation of Bacteria. 
(Proceedings of the Royal Society of London, 46, 7889). 

(g.) The Fermentation Tube with special reference to Anaerobiosis and 
Gas-production among Bacteria, by Theobald Smith. 





CHEMICAL VS. BACTERIOLOGICAL EXAMINATION OF 
POTABLE WATER.’ 
W. P. MAson. 
Received November 16, 1895. 

PROPOS of the recent articles upon this question, which 
A have appeared in the English papers, it is noteworthy that 
there is a growing tendency among physician and civil engi- 
neers to belittle the chemis’s opinion regarding the potability 
of a water, and to pin their faith exclusively upon what the 
bacteriologist may have to say upon the subject. This feeling 
is strengthened by the publication of the results of such trials as 
that undertaken by the London Local Government Board, in 
which it will be remembered, watersamples purposely inoculated 
with typhoid germs, were sent for analysis to one of England’s 
leading chemist and were by him pronounced pure. 

Those who set special value upon such a ‘‘ test’’ of methods 
as the above, and who consider it quite final as showing the 


1 Read before the New York Section. 
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inability of chemistry to detect pollution in a liquid which the 
bacteriologist would instantly pronounce very foul, should 
remember that such a sample of water could not be found in 
practice, and that the very conditions under which it was pre- 
pared, eliminated the chemical items indicating pollution, while 
it increased tremendously the signs governing the bacteriologi- 
cal side of the case. 

The bacteriologist sought for the Eberth bacillus, and very 
naturally, quickly found it in a water purposely sown with a 
culture of the germ. 

The chemist looked for those elements which always occur in 
sewage-laden water, whether the sewage be from sources of 
disease or otherwise, and, not finding them, he pronounced the 
water to be what it really was, free from sewage addition. 

Sewage, as it occurs in practice, contains an immense deal of 
material other than that productive of disease, and it is upon 
just this comparatively harmless, but constantly present material 
that the chemist relies for the indication upon which he bases 
his opinions. 

He is unable to say whether or not a sewage-laden water is 
disease-bearing on any particular date, for to him all sewage is 
‘alike, but he condemns the water, for the reason that, although 
it may be harmless to-day, it is impossible to predict what may 
be its condition to-morrow. 

Within the week, I have been requested to make a _ bacterio- 
logical examination of the water of a certain well, in order to 
determine if it be effected by neighboring cesspools. 

The physician who made the request was impressed with 
belief in the paramount value of such an examination and the 
comparative uselessness of chemical analysis. 

I am quite convinced that, had I followed his suggestion, I 
should have sought in vain for any specific microbe, but inas- 
much as upon chemical analysis, I found that the ‘‘ chlorine’’ 
ran twenty-four parts per million, which is about ten times the local 
‘‘normal,’’ and the ‘‘ nitric nitrogen’’ read nine parts per mil- 
lion in place of 0.116, I condemned the water off hand without 
going further. 

There is simply no comparison between the two methods in 
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question for water problems of this class, and the value of 
chemistry is still more pronounced in those instances where it is 
possible to introduce common salt or lithium chloride into a 
source of suspected pollution, and then look for increased chlo- 
rine or presence of lithium in the water of the well. In legal 
cases touching upon this point of contamination of wells, by 
cemeteries for instance, the chemical testimony is especially 
strong. 

In the matter of determining the suitability of a stream for 
city supply, the services of the bacteriologist should be unques- 
tionably secured, but it is doubtful if his report can be consid- 
ered of more importance than that of the chemist. 

Chemical analysis, by comparing the water taken at the site 
of the proposed intake with that from the same stream above all 
points of possible pollution, can indicate whether or not up stream 
contamination is felt at the lower point ; nor is it necessary that 
the polluting sewage be from pathogenic sources in order that 
its presence may be recognized. 

As Dr. Dupré has pointed out, chemistry in such cases antici- 
pates what may happen in the future, and, by timely advice, 
may prevent an outbreak of disease, while, on the other hand, 
the discovery of disease germs in a water is only possible after 
the water has become infected. 

Bacteriology is of especial value, and greatly superior to 
chemistry, for the testing of filters and watching any variation 
in their efficiency. 

For this purpose the simple count of germs per cc. is most 
valuable, and differentiation is a secondary matter; for the 
assumption is a just one, that a filter which will remove the 
harmless bacteria, will take out the objectionable ones as well. 

It is very far from my desire to decry the value of bacteriology, 
but I cannot but feel, that in their enthusiasm over the great 
triumphs of the new science, the people at large have gone 
slightly ‘‘ bacteria mad,’’ and are apt to expect more than can 
be furnished by the means and information now available. 


RENSSELAER POLYTECHNIC INSTITUTE, TROY, N. Y. 
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THE ELECTROLYTIC ESTIMATION OF TMERCURY. 


By EDGAR F. SMITH AND DANIEL I,. WALLACE. 
Received November 29, 1895 

HE precipitation of this metal from a cyanide solution’ has 
given quantitative results, which render the electrolytic 
procedure decidedly more advantageous to the analyst than the 
usual gravimetric course. However, conditions sometimes occur 
when even the preceding rapid method is made time-consuming. 
Thus in the working with mercury sulphide it would be neces- 
sary to first dissolve the substance in acids and remove the excess 
of the latter before advancing to the electrolytic decomposition 
of the resulting salt. Conscious of this fact and that mercury 
sulphide, as cinnabar, is a natural product, which is quite often 
offered for analysis, we took occasion to review the method first 
proposed by Smith,* and subsequently confirmed by Vortmann,’ 
viz., the electrolytic deposition of mercury from its solution in 
an alkaline sulphide. The chief point to be ascertained was 
whether the time factor could be reduced. This had been 
accomplished with the cyanide solution by simply applying a 
gentle heat, thereby precipitating two-tenths gram of metal in 
about two hours. Another point which we wished to definitely 
establish was the exact current density for a given electrode sur- 
face. To this end several determinations were made, using a 

mercuric chloride solution of known mercury content: 


N. D. of Current 
Mercury present Mercury inamperes for Dilution of 


as chloride. found. 100 sq. cm. solution. 
gram. gram. surface. ce. Time. Temp 
0.1913 0.1917 0.13 125 3 hrs. 65 
= 0.1916 . - - " 
“se 0.1908 *s se bi 


In each case twenty cc. of sodium sulphide of specific gravity 
I.22 were present. 

These results indicate that mercury can be determined as 
rapidly and as accurately in this way as when working with a 
cyanide solution. 


1 This Journal, 17, 612. 
2/7. Franklin Inst., 1891 and J. Anal. Chem., 5, 202. 
3 Ber. d. Chem Ges., 24, 2749. 
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We next determined the mercury in a sample of cinnabar by 
distilling the latter with lime, collecting and weighing the metal 
as directed in Fresenius’ Quantitative Analysis, Am. Ed., p. 306. 

I. 0.9590 gram of mineral gave 0.8194 gram of metal, or 85.44 
per cent. 

2. 0.8586 gram of mineral gave 0.7325 gram of mercury, or 
85.31 per cent. 

Portions of the same mineral were weighed out in platinum 
dishes and after solution in twenty to twenty-five cc. of sodium 
sulphide of specific gravity previously mentioned, were diluted 
with water to 125 cc. and electrolyzed at a temperature of 70°, 
with a current of N. D.,,.=0.12 ampere. The period of time 
allowed for the precipitations never exceeded three hours. The 
results were: 


Cinnabar. Mercury 
gram. gram. Percentage. 
[a cinsisievicescccee cece os (0,21607 0.1850 85.37 
Dike mieatecwieless aiiasiex 0.2074 0.1769 85.29 
Bis ccnneinte pares ernie is tnraters eles 0.2432 0.2077 85.40 


We would observe that during the electrolytic decomposition 
the platinum dishes should be carefully covered to prevent 
evaporation, thereby exposing a rim of metal, which if not in 
part volatilized, would yet be changed to mercury sulphide. The 
latter is indicated by a dark-colored film. With a little atten- 
tion there should be no question as to the final outcome of any 
determination made in this way. We regard the method as 
entirely satisfactory. The short time required for a determi- 
nation, as outlined above, will recommend it in our judgment 
to analysts generally. 

UNIVERSITY OF PENNSYLVANIA. 

THE PRECIPITATION OF PHOSPHOMOLYBDATE IN STEEL 
ANALYSIS. 
By GEORGE AUCHY. 
Received December 2, 1895. 

N a recent paper’ Messrs. Blair and Whitfield give a new for- 
| mula for the preparation of molybdate solution, which is a 
great improvement on the old one, as by its use the seperation of 


1 This Journal, 17, 747. 
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ammonium molybdate from the solution by long standing is 
avoided and the solution retains its strength. In using solution 
of the new formula, however, the writer, a number of times, has 
had a further precipitation of phosphomolybdate to occur after 
filtration. This additional precipitate could not have resulted 
from insufficiency of molybdate solution —sixty to seventy-five 
cc. of the solution having been used ; nor from insufficient shak- 
ing—ten minutes having been given in each case. The precipi- 
tation seemed to be the result of the dilution of the liquid by the 
wash water, and not of the longer standing, asin several cases the 
original phosphomolybdate precipitate had stood an hour or 
more, and in one case, all night before filtering. This seemed 
an indication that dilute solution is a help to complete precipita- 
tion. But the query then arose, Why had this after separation 
of phosphomolybdate never occurred before in using molybdate 
solution of the old formula? The explanation at once suggested 
itself. Because when solution of the old formula is used the 
amount of ammonium nitrate present is necessarily much larger. 
If these assumptions are correct, it then would seem then that the 
presence of ammonium nitrate and a dilute solution are both 
important factors in the thorough precipitation of the phospho- 
molybdate (the former is, indeed, a well known fact). Acting 
upon this hint, precipitations have since than taken place in 
solutions of larger volume, and containing a greater proportion 
of ammonium nitrate; effected by increasing the volume of 
nitric acid (sp. gr. 1.13, recommended by Drown), as used for 
solution of two grams steel, to 100 cc., and the amount of strong 
ammonia used for neutralization, to fifteen cc. diluted with fifty 
cc. cold water. The following few experiments which the writer 
has had time to make, give some corroboration to this theory. 

Experiment 1. Heat 369. 1. Solution nearly neutral. Vol- 
ume small. Considerable ammonium nitrate present. Sixty 
cc. nitric acid (1.13) for solution of the steel. Eight cc. strong 
ammonia for neutralization. Thirty-five cc. molybdate solution 
of old formula, —o.009 per cent. 

2. Solution very strongly acid. Dilutein volume. Large ex- 
cess of ammonium nitrate present. One hundred cc. nitric 
acid (1.13) for solution. Fifteen cc. strong ammonia for neu- 
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tralization. Then fifty cc. strong nitric acid, and fifteen to 
twenty grams of crystallized ammonium nitrate. Sixty cc. of 
molybdate, new formula, —o.o10 per cent. 

Experiment 2. Heat 352. 1. Soiution nearly neutral. Volume 
dilute. Considerable ammonium nitrate present. One hun- 
dred ce. nitric acid (1.13) for solution. Fifteen cc. strong 
ammonia for neutralization. Sixty ce. molybdate solution of 
new formula, —o.161 per cent. 

2. Solution very strongly acid. Volume dilute. Large ex- 
cess of ammonium nitrate present. One hundred cc. nitric 
acid (1.13) for solution. Fifteen cc. strong ammonia for neu- 
tralization. Then fifty cc. strong nitric acid, and fifteen to 
twenty grams of crystallized ammonium nitrate. Sixty cc. 
molybdate solution of new formula, —o.160 per cent. 

These results tend to show that rather large dilution and 
plenty of ammonium nitrate are important conditions in the com- 
plete precipitation of the phosphomolybdate, and that the degree 
of neutralization of the nitric acid before precipitation is unim- 
portant, the complete precipitation depending, not upon the 
approximate neutralization of the liquid, but upon the amount 
of ammonium nitrate present and the dilution of the solution. 
The reverse of this (solution small in bulk and nearly neutral) is 
sometimes recommended.’ Asbeforestated, aboutthe right dilu- 
tion and the proper amount of ammonium nitrate seems to be 
obtained by using one hundred cc. nitric acid of specific gravity 
1.13 for solution of the steel, and fifteen cc. strong ammonia in fifty 
cc. cold water for neutralization previous to the addition of the mo- 
lybdate solution. But if it be desired to have the solution less 
in volume, this amount of ammonium nitrate willnot always suf- 
fice, as the writer hasfound by experience. The dilution seems 
to be an important requisite when molybdate of the new formula 
is used. 

The amount of phosphorus precipitating after filtration, in the 
cases referred to (determined as pyrophosphate to guard against 
the contingency of the separation being ammonium molybdate 
merely), was respectively 0.026, 0.003, and 0.013 per cent. 

As showing the very great degree of error that may occur 


1 This Journal, 17, 131. 
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from the careless use of molybdate solution of the old formula, 
the following results may be of interest to members of the 
society. 

The molybdate solution had been made up for two—possibly 
three or four weeks. ‘Then a close-down of the works for three 
weeks for repairs, at the end of which time the use of the solution 
was thoughtlessly resumed. But the extreme lowness of the results 
for heats 307 and 308 threw suspicion upon the solution, and 
duplicate determinations were made with fresh solution and 
continued till complete demonstration was had that the molyb- 
date solution was at fault. 


With old solution. With fresh solution. 
Per cent. Per cent. 
Heat 306 ocoe seer ccccccccccccces 0.048 0.060 
€¢ k oy A 0.004 0.006 
“ BOB oor cece ee correc vevece 0.002 0.006 
“e BOQ ere ere rere renee ccereeees 0.033 0.035 
ae BIO seer e reece ce ccecececece 0.013 0.020 
#6 ) 0 ee 0.002 0.007 
“s BID cece ccccccccccee cccces 0.002 0.006 
bs kK? 0.00! 0.008 
“ BIA. vie dines + vinsinevslesinqinaics 0.012 0.036 
mi kK? Ss, ee 0.010 0.049 
66 316 TRIP Trerer Te 0.001 0.007 
“6 BIT ccc cc cece cece ceccvccces 0.008 0.049 
66 318 TTT CT TTC Te 0.002 0.020 


Many authorities advocate the taking of the temperature of 
the liquid before the addition of the molybdate solution ; or the 
precipitation of the phosphomolybdate at a certain exact tem- 
perature—85° usually. Thewriter venturesto question whether, 
in a busy iron or steel works laboratory, it is worth while to take 
this trouble. For if five minutes be allowed for cooling after the 
solution is withdrawn from the flame, or if the flask be plunged 
into cold water a couple of times, there is no danger of its 
temperature being over 85°; and Babbitt has shown that down 
to 25° allthe phosphorus precipitates. Doolittle habitually pre- 
cipitates at 35° to evade arsenic. Another authority (Johnson, 
I think) avoids a temperature higher than 50° to prevent oxides 
of iron and alumina from precipitating with the phosphomolyb- 
date. So that where arsenic is not present any temperature 
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between the wide limits of 25° and 85° is all right, and one can 
not err in omitting the use ofthe thermometer altogether. The 
iron is not likely to precipitate if the solution be acid enough. 
Nevertheless a temperature below 50° is perhaps better than one 
higher. 

As a reducing agent, perhaps the majority of chemists follow 
Jones in favoring ferrous sulphate. The writer found considera- 
ble phosphorus’ in a lot of nice clean looking sulphate labelled 
and has since then used sugar as 


” 


‘‘ Free from phosphorus, 
originally recommended by Dr. Drown. The queerest experi- 
ence in the way of impure chemicals was the finding of phos- 
phorus in ‘‘ C. P’’ nitric acid—enough to add 0.06 per cent. to 
the real percentage in the steel. A second bottle from the same 
makers also contained it, though not in so great amount, 





THE USE OF THE CALORIMETER IN DETECTING ADUL- 
TERATIONS OF BUTTER AND LARD,’ 


By E. A. DE SCHWEINITZ AND JAMES A. EMERY. 
Received January 3, 1896. 


HILE engaged ina study of the comparative value of 
W butters and oleomargarines, it occurred to one of us 
that possibly the determinations of their respective heats of 
combustion might be useful if taken in connection with other 
data. Prof. Atwater, who has for some time been conducting 
experiments with an improved calorimeter, very kindly con- 
sented to burn such samples as might be sent tohim. The first 
results were so interesting that it occurred to us at once that 
this method might be useful in detecting the adulteration of but- 
ter with oleomargarine, and also perhaps in distinguishing 
between lards of different sources and compound lards. Accord- 
ingly, some especially selected samples of which duplicates were 
kept in our laboratory, were sent to Prof. Atwater, and in the 
case of the butters and oleomargarines the results confirmed our 
first suppositions. In the use of the lards, however, the results 
were not so sharply distinctive, but taken in conjunction with 
other analytical data will prove, as we will endeavor to show, 


1 Not enough, however, to affect the results very seriously. 0.111 per cent. instead 
of 0.105 per cent.. for instance ; and 0.056 and 0.054 per cent. in another steel. 
2 Read at the Cleveland meeting, Dec. 31, 1895 
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exceedingly useful. The samples were forwarded to Prof. 
Atwater, prepared for combustion, without any description of 
their character being given except that they were fats. It is 
well understood that the estimation of the calories is of consider- 
able use in a determination of the molecular weights of complex 
molecules and the results which we will report will serve to 
show, we, think, practical application of the use of the bomb 
calorimeter. 

This is best seen by a study of the following tables, which 
give in detail the examinations that are ordinarily made for 
eleomargarine and butter (Table I.), and accompanying these 
examinations the calories per gram. The samples were pre- 
pared for these latter determinations by washing, melting, filter- 
ing, and drying the samples at 100° C. 

The figures given by different authorities for butter fat, vary 
slightly. Stohman gives the heat equivalent as determined by 
the potassium chlorate method as 9.192 small calories per gram, 
while by the oxygen method it was 9.231 calories per gram. 
The three samples of pure butter burned were from the follow- 
ing sources: No. 28, the best butter used by Armour & Co., in 
the manufacture of butterine; No. 26, was Elgin Creamery 
butter; and No. 27, obtained from a Virginia gentleman, who 
sent it as a sample of the best butter made on his place. Nos. 
31, 32, and 33, were mixtures of Elgin butter and oleomargarine. 
The figures obtained for butter fat are a little higher than those 
Stohman gives for pure butter. 

Table I. The steady increase in the calories of the mixtures 
is in proportion to the amount of oleomargarine added to the 
butter and this taken in conjunction with the iodine number 
gives additional confirmatory evidence of the character of the 
sample. 

TABLE II. 
MIXTURE COMPOSED OF DEFINITE PROPORTIONS OF ELGIN AND WoOopD- 
LAWN No. 2.° 


Actual Theoretical 
Actual Theoretical combustion combustion 


iodine iodine calories calories 
Sample. equivalent. equivalent. per gram. per gram. 
$ E and } W, No. 2°... 43.90 43-76 9.391 9.412 
1 F and } W, No. 2’... 48.01 48.77 9.416 9-498 
1 
+ 


E and # W, No. 2°... 55.40 55-78 9.491 9.584 
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The theoretical calories per gram for the above mixtures as 
compared with those found are, 


Theory. Found, 
No. .) Oe 9.412 9-391 
NO. 32 cece csceccsecccsccccccees 9.498 9.416 
NO. 33 creer ccceee cece cece cenecs 9.584 9.491 


The actual combustion of the sample containing a small 
admixture of oleomargarine falls a little lower than theory 
requires, but is sufficiently high to indicate at once that there is 
adulteration of the normal butter. The other two samples give 
results still more distinctive and characteristic. The determina- 
tion of the calories would be sufficient, therefore, to detect oleo- 
margarine. If not relied upon entirely it still furnishes very 
satisfactory evidence. One point to which attention should be 
called is the exceedingly low temperature at which the oleomar- 
garines melted. They were purchased at the end of winter and 
probably made to suit the winter trade. If left in an open dish 
in the laboratory for a few hours they became soft and semi- 
fluid. 

In the case of the lards from various sources the results are 
somewhat different and are not so distinctive as compared with 
compound lard, as the butter and oleomargarine. (Table III.) 
Still even here the determination of the calories taken in con- 
junction with other determinations, as the iodine absorption, 
will also be of use. Should the determination of the calories 
show a low figure one could conclude that the lard was either a 
compound or a lard from the caul, intestines, or head of the ani- 
mals, while the determination of the iodine number and cotton- 
seed-oil test, would show at once whether the sample was a lard 
or acompound lard. The error of experiment in calorimetric 
work is usually counted at twenty-five calories per gram, but by 
careful work can be made less and a number of experiments in 
the same line as the above, would probably give data that would 
make the determination of the calories of still more practical 
value. 
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TABLE III. 
ANALYSES OF SPECIMENS FROM ARMOR & Co. 


Combustion Cotton-seed oil, 


Melting Iodine calories Bechi’s 
Quality. point. equivalent. per gram. test. 
Lard, leaf ...+..-. 56.85 9.621 none 


caul fat .--- 40.0 58.61 9.573 Slightly darken 
intestinal fat 40.7° 54-74 9.581 * aS 


heads ...... 29:5° 68.79 9.503 None. 
‘* mixture of 
Blifateesc. seis. 63.86 9.654 a 
trimmings. .--. 65.57 9.606 a 
‘* compound, 
Ist grade .... 86.18 9.583 Purple brown. 
** compound, 
2nd grade ...-. 86.57 9.530 Be nS 
‘© shield ..... 61.01 9.598 None. 


““c 


‘* special pure 37:5‘ 63.63 9.617 

In a recent number of this Journal, September, 1895, Wesson 
has very carefully reviewed the subject of the determination of 
the iodine absorption number in pure and compound lards, 
claiming that the figures heretofore given for pure lard were too 
low for the present methods of manufacture. This point also 
came up for incidental consideration in connection with our 
other examinations. We secured two sets of samples from Chi- 
cago, one sent direct from Armour & Co. (Table III), with the 
statement that the samples were what the names indicated. The 
other set of samples was accompanied by a certificate from the 
inspector testifying to the character of the material as forwarded. 


TABLE IV. 


ANALYSES OF LARDS FROM ARMOUR & Co. 


Iodine. Cotton-seed oil, 
Quality. equivalent. 3echi’s test. 

BCA é6cescicig.cc we wsrewsiasion 55.60 No reaction. 
ARTA < tasiais: 19 wre: too wile cn arate « 58.08 “ «“ 
Intestional fat..:<<.650.. 52.94 “ & 
HIO@AdS : <.5<0.00< ose ves cacees 62.3 “ “ 
Trimmings. ....seeesoeees 61.58 “6 “ 
Special pure ...........6. 60.87 “ “ 
Foreign shield ........... 58.62 “ “ 
Exp. Ref. Comp........-- 69.79 Purple black. 
Prime steam ......... see+ 65.97 No reaction. 


Dom. Comp. -++++ +++ eee. Purple black. 
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TABLE V. 


Iodine Cotton-seed-oil, Combustion calo 
Sample equivalent, Bechi’s test. ries per gram 
Lard No. 5 --eeeeeseeees 58.98 ee 
Lard Plains 4 cscse cscs os 50.49 re 9.606 
Cottolene ...........e.. 90.89 Purple black. 


In addition two other samples of lard, one from Virginia, the 
other from Rhode Island, were examined. The samples sent 
with the inspectors’ certificate were freshly made, while the 
other set was older material. There is a decided variation in 
the iodine equivalent and in deciding upon the character of the 
lard, the origin of the sample should undoubtedly be taken into 
consideration. As this is often not possible a check upon the 
other results may be secured by the determination of the calories. 


BIOCHEMIC LABORATORY, WASHINGTON, D.C., 
December 14th, 1895 


Discussion.—Mr. A. H. Sabin: I am very decidedly of the 
opinion that in investigations as to fats and oils, conclusive and 
satisfactory results can only be obtained by a comparison of 
methods. Such a method as this seems to me to be of a good 
deal of practical value because it is definite and positive. We 
make a combustion in this way and get some results which can 
be depended upon, and which can be verified ; and the condi- 
tions are not dificult to duplicate. While I doubt if sucha 
method will be of permanent value, because in such matters the 
ingenuity of the manufacturer is always pitted against the skill 
of the analyst, such a method always has weight, and must be 
taken in conjunction with other methods which also have weight 
and which also by themselves are not conclusive, but which 
have cumulative effect. I am certain that in regard to the 
vegetable fats it is only possible to arrive at just conclusions 
by acomparison of methods. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE U. S. DE- 
PARTMENT OF AGRICULTURE. NO. 16.] 
NOTE ON THE USE OF ACETYLENE GAS AS AN ILLUMI- 
NANT FOR POLARISCOPIC WORK.’ 


By H. W. WILEY. 


Received November 23, 1895 


HROUGH the courtesy of Prof. Charles E. Munroe, I was 
able to secure twenty-five kilos of calcium carbide for 


1 Presented to the Washington Section, Dec. 9, 1895 
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experimental purposes, together with four burners. The acety- 
lene was developed by the action of water on the calcium car- 
bide and conducted into a small gas meter from which it was 
burned under a pressure of water, the flame being regulated by 
a stop-cock. The quantity of gas furnished by the calcium car- 
bide is illustrated by the following experiment : 

From ninety-five grams of carbide 11.5 liters of gas were ob- 
tained measured at a temperature of 18°. It is thus seen that 
one kilo of the calcium carbide used would furnish a little over 
226 liters of gas. 

Therate at which the gas was burned for furnishing the illum- 
ination for the polariscope was measured and found to be one 
liter each four minutes, measured under a pressure of thirty 
inches of water. The actual pressure at which the gas was 
burned was very much less than this, being regulated by the 
stop-cock. The lamp was thus supplied at a rate of consump- 
tion amounting to fifteen liters per hour. 

The illumination produced by the burning acetylene was used 
with a triple shadow Schmidt & Haensch double compensating 
polariscope and the accuracy of the readings with the intensely 
white light produced was tested with standard quartz plates. 
Two of the quartz plates read were standardized by the U. S. 
Coast and Geodetic Survey, in connection with this Division, 
and four were standardized by the Imperial German Commis- 
sion of the Physical Institute at Berlin. The readings, to the 
nearest whole tenths, were as follows, at a temperature of 20°, 
which is slightly higher than that at which the quartz plates 
were standardized : 

Coast Survey tube 92.06 read 92.1 


ec “ee ce 99.06 ‘ 99.1 
German tube 74:45. °° 9554 
ee “ce 93-59 “e 93-6 

es S 100.36 ‘* 100.3 

“c ““ —9gI.70 “cc —9I.7 


From the above readings it is seen that the light is absolutely 
reliable as tested against the best standards. 

The degree of illumination was very great. The field of 
vision of the polariscope showed an intense illumination even at 
the neutral piont and yet permitted of the reading of the shadow at 
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the neutral point with the greatest accuracy. Three different 
observers in reading the quartz plates did not differ among 
themselves more than one-tenth of a degree. 

A test was also made to determine the relative possibility of 
reading highly colored solutions with the acetylene light as 
compared with the ordinary kerosenes or gas illumination for the 
polariscope. A solution of ‘‘ black strap’’ molasses was made, 
quite concentrated, without any clarifying agent whatever other 
than lead subacetate. The solution read in a 200 and 400 mm. 
tube gave a perfectly distinct shadow with the acetylene light 
permitting the reading to within one-tenth of a degree. With 
the kerosene or lamp light, the field of vision was almost 
obscured at the neutral point and the readings made by three 
different observers differed as much as three-tenths of a degree. 
Another solution was made with the same black strap molasses 
without the use of any clarifying agent other than alumina 
cream. ‘This was diluted to such a degree as to be distinctly 
read to within one or two-tenths of a degree by the acetylene 
light. Whenan attempt was made to read this same solution 
by the ordinary source of illumination, it was found that the 
field of vision was absolutely obscured, no light whatever pass- 
ing through. 

The results of these observations show that the acetylene light 
is perfectly reliable for polarizing purposes, that it produces an 
intense degree of illumination permitting of a very delicate dis- 
tinction between the shadow and the illuminated portions of the 
field of vision, and permits the reading of solutions so highly 
colored as to be perfectly obaque to the ordinary sources of 
light. 

The above results suggest also the practicability of using the 
acetylene light for microphotographic purposes and for ordinary 
photography, but I have not made any tests of its actinic power. 
The light can also be used for projections. It is to be observed 
that with the small quantity of calcium carbide obtained, v7z., 
twenty-five kilos, there would be a sufficiency for almost a con- 
tinuous polarization through a long period of time. With the 
cost of the calcium carbide known the actual cost of the light 
could be easily computed. I am ignorant, however, of the cos- 
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of the calcium carbide, it having been obtained for our use by 
the payment of the express charges only. 

My thanks are due to Messrs. McElroy, Ewell, and Runyan 
for assistance in the preparation of the gas and in reading the 
polariscope. 





INDIRECT ANALYSIS. 

By EDWARD K. LANDIS. 

Received December 23, 1895. 
N investigating this subject the author was struck with the 
difference in the formulas given in the text-books and on 
trying some of the cases found the results did not agree. Sup- 
posing that the old atomic weights used in the formulas were 
the cause of the trouble, it was thought best to derive a formula 
in such a manner that it would apply equally if the present 
weights should be modified, and it is given herewith, trusting 
that it may be usefulto many chemists incases wherea separation 

of the two elements is difficult or tedious. 

It will apply to any case where the atomic weights of the two 
elements are not the same, and the greater the difference 
between the atomic weights the greater the accuracy. Unfor- 
tunately, nickel and cobalt cannot be determined in this manner, 
but many otherelements can be. This method is especially con- 
venient for sodium and potassium, and probably more accurate 
than the separation with platinum chloride. 


FIRST METHOD. 


Data given: 


Weight of mixture. 
Weight of common constituent. 
Let x = weight of salt with greatest per cent. of common con- 
stituent. 
Let y = weight of salt with least per cent. of common con- 
stituent. 
Let a = amount of common constituent in one part of x. 
b= * ie ig aa oe a re 
W = weight of mixture. 
w= ‘* ‘*ceommon constituent. 
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To find x andy: 
x+y =W, x= W-y, 
ax + by =w, 
a(W—y) + by = w, 
a W—ay+ by =w, 
by—ay = w—a W, 
(b—a)y = w—a W, 
w—aWw 
a ae 
w—bw 
a—b 
a—b = difference of coefficients of + and y. 

Therefore, to find x or y, multiply the weight of mixture by 
the coefficient of the other salt. Find the difference between 
this and the weight of common constituent, and divide this 
result by the difference of the coefficients. 








SECOND METHOD. 


Same data as before and same symbols, except that here 
a= molecular weight of x. 
b= _ " “ f, 
If all the common constituent were combined with _y we should 
have a greater weight than W, and if combined with x less than 
W. In either case call this W’. 


b b ‘ 
Then—- x+ Sie W', 





a 6b 
* xt+ty=W, 
; b—a ; 
Subtracting a W, 
_ a(W— W) 
ma b—a : 


b—a : W—-W=a: x. 
Rule.—Calculate the weight if common constituent were all 
combined with one of the salts. Find the difference between 
this and the weight of the two salts. Then the difference of the 
molecular weighls is to the difference found as the molecular 
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weight of the salt causing the difference is to the amount of 
that salt. 
As an illustration let us take two grams sodium chloride 
and one gram potassium chloride with the following data: 
Cl= 35.45 
Nas 23:05 


20511 
KCl= 47.5456 per cent. chlorine. 
NaCl=Go.g98 ‘* . 
FIRST METHOD. 
=, 
w = 1.687416, x= NaCl, 
a= 0.60598, y= EC, 


6 = 0.475456, 
w—bW _ 1.687416—1.426368 _ F 





x£=——_ ’ 
a—b 0.130524 
__ w—aW _ 1.81794—1.687416 
J a—b 0.130524 => 


Crookes gives the following formula : 
Let W=weight of mixed chlorides. 
c= ™ © ghiovine. 
NaCl =C X 7.6311—W X 3.6288. 
KCl = WX 4.6288— C X 7.6311. 
Using the data above this gives NaCl= 1.9904, KCI1= 1.0096. 
The above formula should read 
NaCl = 7.6311 C— 3.6288 W to be perfectly clear, otherwise 
it means that C is multiplied by 7.6311, W subtracted from the 
product and the result multiplied by 3.6288, which would not 
give the answer. 
Bailey’s Chemist’s Pocket Book (3rd edition) gives the fol- 


lowing: 





NaCl = ((cx 2.0129)— W) X 3.6288. 


Using the same data this gives NaCl= 1.990277 instead of 2.0. 


SECOND METHOD. 


Calculating Clto KCl. 
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Cl = 1.687416, 





i Somme 

1.687416 : 
at = 3.540047 KCl 
0.475450 9104 
3-549047—3-0 = 0.549047, 


0.549047 X% 58-5 _ wacy — 5. 

74.50—58.5 

Calculating Clto NaCl. 

eee 2-7846 NaCl, 

3.0—2.7846 = 0.2154, 

0.2154 X 74.56 

x Ris i. 
74-56—58.5 

The author hopes that this may prove the accuracy of the 
method and that it may be extensively used. 

The preceding applies to mixtures of two substances only ; 
now let us consider the case of three. If we have iodine, bro- 
mine and chlorine in the same liquid, how are we to arrive at 
the amounts of each? We may consider two cases, one given 
in Woodward’s Chemical Arithmetic and the other in Crookes’ 
Select Methods, the second being exactly the opposite of the 
first. Three equal portions of a liquid containing chlorine, bro- 
mineandiodineare taken. No. risprecipitated with silver nitrate 
and precipitated of silveriodide, silver bromide and silver chloride 
weighed. No. 2 is precipitated in the’ same manner, but 
digested with potassium bromide until all chlorine is replaced 
by bromine, then weighed. No. 3 is likewise precipitated and 
digested with potassium iodide until entirely converted into sil- 
ver iodide, then weighed. In Crookes’ example the iodine is 
replaced by bronine and the bromine by chlorine. In the first 
case the weights increase. and in the second they decrease. 

Now suppose we try to derive a formula for each of these 
cases, beginning with Woodward’s and using the same data as 
before, also Ag = 108, I= 127, Br= 80. 





Woodward’s Chemical Arithmetic. 
Mixture of silver iodide, silver chloride and silver bromide. 
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AgI + AgBr+ AgCl= W, 
AgI+ AgBr+ AgBr= WV, 
AgI+ AgI + Agil= W". 

Let x = AgCl, a= molecular weight. 


y = AgBr, 6 = «6 sé 
s=Agl, «= oF os 
xtyt2=W, 


fetyte=W, 


—e+[yt+2= Ww", 
_ a(W—W) 
_ b—a 
_ 6(W"—W) 4(W'—W) 

— c—b a b—a 

z= yr— 2 ae") 


c—b 


’ 





» 





Crookes’, same data: 
AgI-+ AgBr-+ AgCl = W, 
AgBr-+ AgBr+ AgCl= W, 
AgCl-+ AgCl+ AgCl = W", 











x+y+2= Hh, 
xtyt+ o e= WwW’, 
x+ ot z= KW", 
__ «Ww 
ed c—b p 
b(W'—W") _ 6(W—W'’) 
7 —> ° 
| én 


b—a 


FIRST METHOD. 


Woodward’s Example: 
W = 39.19, WW" = 30.87, W" = 96.73, = .143.45, 6 = 268, 
exe eggs. 
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.45 X 3.68 
x 143-45 - 3 = 11.8495 AgCl = 2.9282 Cl 

44.55 

188 X 5.96 188 X 3.68 
) = ——— — _— = 8.3105 Ag Br = 3.5363 Br, 
J 47 44.55 3105 “Ag 3-5393 
.96 X 188 

eas a a 7.03 AgI = 3.799 I. 


Crookes’ Example : 
W= 15.57, W' = 14.69, and W" = 12.20, 
235 X 0.88 











r= —= 4.4 AgI, 
47 4-4 Ag 
188 X 2.49 188 X 0.88 
—— — ——— = 6.9877 AgBr, 
44-55 47 noe 
188 X 2.49 
Xx = 14.69 ——_—_—_——_+ = 4.1823 AgCl. 
4.09 44.55 + 3 Ag 


SECOND METHOD. 


Woodward’s Example : 
AgCl+ AgBr + AgI = 27.19, 
AgBr-+ AgBr + AgI = 30.87, 
AgI + AgI + AgI = 36.83, 
30.87—27.19 = 3.68, 
44.55 : 3.68 = 143.45 : x = 11.8495 AgCl. 
Now 11.8495 AgCl = 15.5295 AgBr= 19.41187 AglI, 
27.19—11.8495 = 15.3405, 
36.83—19.41187 = 19.41813. 
Therefore AgBr-+ AgI = 15.3405, 
AgI+ AgI = 17.41813, 
17.41813—15.3405 = 2.07763, 
47 : 2.07763 = 188: x = 8.3105 AgBr. 
Adding the AgCl and AgBr thus found and subtracting their 
sum from 27.19, we get AgI = 7.03. 
Comparison of results : 


Woodward. First method. Second method. 
(0) RNAP aaron Reeronre ce 2.92 2.9283 2.9283 
eG iicdlecsewce tees cuweuseaes 3-51 3-5363 3-5363 


To ccceccccccccccce ceecesees 3.69 3-799 3-799 | 
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Crookes’ Example: 


AgCl + AgBr+ 


AgI = 15.57, 
penn + AgBr-+ AgBr = 14.69, 
gCl+ AgCl + AgCl = 12.20, 


ae — 14.59 = 0.88, 
477 O86 = 995 : «= 4.4 Agi. 
Now 4.4 AgI = 3.52 AgBr = 2.68586 AgCl, 


55.57-—4.4 = 11.17, 
2.20—2.68586 = 9.51414. 
Therefore AgCl + AgBr = 11.17, 
AgCl + AgCl = 9.51414, 
11.17 — 9.51414 = 165586, 
44.55 : 1.65586 = 188 : x = 6.9877 AgBr. 
Adding the AgI and AgBr thus found and subtracting their 
sui from 15.57, we get 4.1823 AgCl. 
Comparison of results : 


Crookes. First method. Second method. 
AGI 2. sccccccecccccccccers 4.4 4.4 4.4 
ARENR Ee ohe-~ a00ie-ei sicisiaig'o ales <.a' 6.998 6.9877 ,6.9877 
AAS Lorne w'aidin's ain e seine eee rciass 4.172 4.1823 4.1823 


It will readily be seen that the first method requires less work 
than the second, and has the advantage of giving any of the 
three without the necessity of finding the others. 

No orginality is claimed for the foregoing, but the matter 
has been put in sucha shape that it may be applied to any case, 
and any atomic weights may be used, thus making its applica- 
tion universal. In special cases it may be condensed by finding 
the factors by which to multiply the weights directly instead of 
multiplying by one number and dividing by another, but it was 
thought best to give the entire work as a help to those not con- 
versant with algebra. 


The writer would like to impress upon chemists the importance 
of giving the atomic weights and factors used in all calculations, 
so that their figures may be checked and errors avoided. As the 
atomic weights vary, important work may be recalculated and 
thus retain its value. 














NOTE ON THE MICROSCOPIC DETECTION OF BEEF FAT 
IN LARD.’ 


By THOMAS S. GLADDING. 


Received January 3, 1896. 

N the preparation of crystals of lard and beef stearin for micro- 
| scopic examination, I find the following method gives 
excellent results, the crystals being of good size and of distinct- 
ive form. Dissolve five cc. of melted lard in a mixture of ten 
ec. alsolute alcohol and five cc. ether, in a small Erlenmeyer 
flask, heating gently if necessary. Place a plug of cotton in 
the mouth of the flask and allow to stand in a cool place for about 
half an hour. The stearin crystallizes out, the olein remaining 
in solution. Filter rapidly through a paper wet with alcohol, 
using a filter pump, and wash crystals and paper once with the 
above alcohol-ether mixture (10-5). Letthe crystals dry in the 
air and remove them from the paper to the flask. Dissolve in 
twenty-five cc. of ether, replace the cotton plug, and place the 
flask ina slanting position in a large beaker (about one liter) 
nearly fullof water. Keep this in a cool place over night. The 
ether evaporates very slowly and the crystals of stearin are 
gradually formed inthe solution, the large quantity of water 
surrounding the ether solution guarding against any sudden 
change of temperature. For valuable plates giving characteris- 
tic forms of lard stearin crystals and beef stearin crystals refer- 
ence is made to Bulletin No. 13, Part IV., Division of Chemnis- 
try, U. S. Department of Agriculture. 


NOTES. 


The Estimation of Levulose in Honey.—Through my negli- 
gence, I failed to call attention, on page 81 of the January num- 
ber, to the optical method described by Allen, Commercial Or- 
ganic Analysis, Vol. 1, p. 291, relating to the estimation of lev- 
ulose by changes in the specific rotatory power due to variations 
of temperature. H. W. WILEy. 

A New Balance for First Year's Work in General Chemistry. 
—The little balance shown in the cut was designed for the use 


1 Read at the Cleveland meeting, December 31, 1895. 
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of my students in their first year’s laboratory practice, 
and has served its purpose so well in two large classes that I 
venture to call attention to it in the hope that others may find in 


























it a satisfactory solution of the balance problem in their schemes 
of beginners’ laboratory work. 

It is simple, efficient, and not expensive. The posts and 
beam are of lacquered brass ; the base of iron. The length of 
the beam is twelve inches. ‘The riders are of there weights, 
equivalent, when at the first division of the long arm, to 1.000, 
0.100 and 0.010 gram respectively inthe pan. Thus, in the cut, 
the weight of the crucible is 12.230 grams. The balance is sensi- 
tive to 0.010 witha loadof 30.000 grams, and to0.005 gram with 
asmaller load. Adjustment to zero before weighing is effected 
by means ofa nut at the end of the short arm. It may be 
obtained of Messrs. Richards & Co., of New York. 

Joun TAPPAN STODDARD. 
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ANALYTICAL CHEMISTRY. By N. MENSCHUTKIN, PROFESSOR IN THE 
UNIVERSITY OF ST. PETERSBURG. Translated from the Third German 
Edition, under the Supervision of the Author, by James Locke. Lon- 
don and New York: Macmillan & Co. 512 pp. Price $4.00. 


Although the plan of treating the whole subject of analytical 
chemistry, qualitative and quantitative, in one volume has obvi- 
ous merits, it is nevertheless something of a novelty, in this 
country at least, and on this and many other accounts this trans- 
lation of Professor Menschutkin’s work is very welcome. 
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It is not a book that can be used to the best advantage without 
good accompanying and supplementary instruction, and this is 
not because it is incomplete or unduly concise, but because the 
ideals and aims of the author are high ones, and the teacher is 
constantly needed to read between the lines. Principles are 
dealt with from the very first to the last and the vaszonale of the 
method is the point on which stress is laid. In the first part of 
the preface the author sets forth briefly his views as to the value 
of analytical work ina course of chemical study. His recom- 
mendation that it be not taken up too early is especially to be 
commended, as is also the plan of laying great stress upon the 
development of methods by the student himself, a practice 
altogether too uncommon. 

The first 280 odd pages of the book deal with qualitative 
analysis. In its treatment of this difficult subject it differs 
markedly from the majority of treatises. There are no ‘‘tables’’ 
or ‘‘schemes.’’ Each group of metals is first carefully studied 
with reference to its distinguishing group characteristics. After- 
ward the special properties and reactions of the individual mem- 
bers are taken up, and finally the analytical process deduced 
from the results. The plan of frequently giving solubilities 
quantitatively is a very helpfulone. There are a few curious 
mistakes ; for example, it is stated on p. 32 that potash alum is 
less soluble than the cesium and rubidium alums. The chro- 
mium bead is spoken of as d/ue instead of green (p. 70). This 
is evidently a slip of the pen, as the color is correctly given a 
few lines further on. Again on p. 126, in describing the analy- 
sis of columbite and tantalite, the mixture of oxides obtained 
by fusing the mineral with acid potassium sulphate and boiling 
out with water is said to be treated with ammonium sulphi‘e, 
instead of sulphzde. This, however, appears to be a misprint, as 
shown by the context. The word oxide is frequently used 
where hydroxide is meant. 

The remaining 230 pages are devoted to quantitative analysis. 
This part of the book is treated in three sections. I. Gravi- 
metric Analysis. II. Volumetric Analysis. III. Organic 
Analysis. In the first section the metals and metalloids are dealt 
with according to the following general plan : First the methods 
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are given for determining each individual of the group, then 
the methods for separating the different members of the group 
from each other. This is a better plan than the more common 
one of giving all the determinations first and afterwards all the 
separations. 

The descriptions and directions are decidedly concise, but 
sufficient for the needs of fairly advanced students. Beginners 
will need and should in any case have considerable supplemen- 
tary instruction. The non metals are treated according to the 
same general plan. A chapter of ‘‘ operations and examples’’ 
follows, which might perhaps have been put with more profit at 
the beginning instead of the end of the section. 

Volumetric analysis is taken up according to the same plan as 
pervades the whole work. One very commendable thing about 
this and other parts of the book is that the student is not bewil- 
dered by a multitude of methods, but is simply made acquainted 
with such as have earned their right toexistence. The section 
devoted to organic analysis is valuable and complete. 

The translation is fully up to the average of such work. It 
reads for the most part smoothly and at least does not require 
retranslation into English, which is more than can be said of 
some recent efforts in this line. JosEPH ToRREY, JR. 
ON THE DENSITIES OF OXYGEN AND HYDROGEN AND ON THE RATIO OF 

THEIR ATOMIC WEIGHTS. By EDWARD W. MORLEY. 1895: Smithson- 

ian Contributions to Knowledge. 4°. Forty cuts. xii., I17 pp. 

Price, $1.00. 

The ratio between oxygen and hydrogen is, to speak figura- 
tively, the base-line upon which our entire system of atomic 
weights depends. But few of the other elements can be readily 
compared with hydrogen directly ; practically all of them are 
referred to hydrogen through the intervention of oxygen; and 
so the atomic weight of the latter needs to be known with the 
utmost accuracy. A small error here becomes cumulative when 
introduced into the computation of higher values, and in the 
case of uranium it is multiplied to fifteen times its original mag- 
nitude. 

Ten years ago the atomic weight of oxygen seemed to be 
pretty well known, and stood very nearly at 15.96. This, how- 
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ever, was near enough to the round number 16 to suggest that 
the difference might be due to error, and therefore reinvestiga- 
tion began. First came Cooke and Richards, then Keiser, 
Noyes, Rayleigh, Dittmar and Henderson, and Leduc. Of 
these, Keiser alone approximated to the old value, finding O = 
15.95. All of the others obtained results ranging from 15.866 to 
15.897, with an outstanding uncertainty still larger than could 
long betolerated. This uncertainty, thanks to Professor Morley, 
is now thrown into the third or fourth decimal place, and need 
no longer be troublesome. 

The first and second divisions of Morley’s monograph relate to 
the densities of the two gases, and are most elaborate in their 
details. Every precaution was taken to insure the purity of 
the material used, the methods of manipulation were varied, 
and every conceivable source of error seems to have been fore- 
seen and guarded against. 

For oxygen, three series of determinations are given. In the 
first series, the pressure and temperature of the gas to be 
weighed were determined by mercurial thermometers and a 
manobarometer. In the second series, pressure and tempera- 
ture were not observed for each experiment, but were made 
equal to the temperature and pressure of a standard volume of 
hydrogen, comparison being made by means of a differential 
manometer. Inthe third series the temperature was that of 
melting ice, and pressure alone was observed. For the weight 
of one liter of oxygen, at 0°, 760 mm., at sea level and in lati- 
tude 45°, the three series give as follows, in grams: 

Series I, 9 experiments, 1.42879 + 0.000034 
$6 Bees “ 1.42887 + 0.000048 
‘< 2.49 uss 1.42917 + 0.000048 

On experimental grounds, Morley regards the third series as 
the best, and assigns it double weight. On this basis the gen- 
eral mean becomes 

1.42900 + 0.000034. 


The oxygen used was prepared partly from potassium chlorate, 
and partly by the electrolysis of dilute sulphuric acid. 

For hydrogen, five series of determinations were made. In 
the first, the manipulations were like those of the first oxygen 
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series, with which it was strictly parallel. In the second, the 
weighing globes were surrounded by melting ice, and pressure 
was measured with a siphon barometer. In the third series the 
hydrogen was weighed, not in the globes where its pressure, 
temperature, and volume were taken, but before its introduction 
into them. Globes having a joint capacity of forty-two liters 
were connected together, for this series, and the hydrogen was 
weighed in palladium, of which 600 grams were used. The 
fourth and fifth series resembled the third. The hydrogen used 
was electrolytic. The results ‘are subjoined, for the weight of 
one liter of hydrogen, in grams: 


Series I, 15 experiments, 0.089938 + 0.000007 


MS 219 o 0.089970 + 0.000011 

ee a os 0.089886 + 0.0000049 
a ss 0.089880 + 0.0000088 
eos ar ee 0.089866 + 0.0000034 


In series 1 and 2, which Morley rejects, the hydrogen may 
have been contaminated by traces of mercurial vapor. In the 
remaining seriés that impurity was not present in the weighing 
of the gas, and exerts no influence upon the final result. 
Furthermore, in these series, stop-cocks were not used, and the 
connections were made by fusing the glass tubes into an 
unbroken continuity. The mean of series 4, 5, and 6 is 

0.089873 + 0.0000027, 

and this is undoubtedly the best value yet found for the weight 
of a liter of hydrogen. Dividing this into the weight of oxy- 
gen, we have as the ratio of densities, 

Ol 15.9002. 
In order to derive from this value the atomic weight of oxygen, 
the volumetric composition of water must be known. This sub- 
ject forms the third part of Morley’s memoir. He decomposed 
water by electrolysis, determined the density of the electrolytic 
mixed gases, and from that calculated the datum sought. The 
result is that in water, hydrogen and oxygen are combined in 
the ratio by volume of 


2.00269 : I. 
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Applying this ratio to the correction of the density ratio, we 

have 

O= 15.879, 
for the atomic weight of oxygen as given by the density 
method. 

In the fourth part of the memoir Morley describes his gravi- 
metric syntheses of water, which are the first really complete syn- 
theses yet recorded. Thatis, nothing is taken by difference ; hy- 
drogen was weighed, oxygen was weighed, and the water formed 
was weighed, and all directly. By weighing the hydrogen in palla- 
dium, over three and eight-tenths grams could be taken in one 
experiment, a quantity which would be unmanageable in any 
attempt to weigh it in globes. Globes, however, were used for 
weighing the heavier oxygen; and the two gases were caused 
to combine by sparking in a suitable combustion apparatus. 
After combustion was complete, the apparatus containing the 
water was weighed, and the residual excess of gases left 
unburned was analyzed. The use of stop-cocks, in transferring 
the gases to the combustion apparatus, was completely avoided. 
Errors due to leakages, therefore, did not occur. 

In all, twelve syntheses were made. Each one gives two 
values for the atomic weight of oxygen, except in one case, 
when the apparatus was broken. One value is derived from 
the weights of hydrogen and oxygen, the other from the weights 
of hydrogen and water. They are as follows: 


H:0O. H:H,0. 
15.878 15.877 
15.881 15.878 
15.878 15.873 
15.880 lost 
15.877 15.881 
15.877 15.876 
15.877 15.875 
15.878 15.879 
15.879 15.881 . 
15.881 15.883 
15.881 15.883 
15.882 15.878 








Mean, 15.8792 15.8785 
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The average of there two means is 15.87885, a result practic- 
ally identical with that derived from the gaseous densities. The 
value, 15.879, then, is to be taken as the nearest approxima- 
tion to the true atomic weight of oxygen, and this, for ordinary 
purposes, may be rounded off to 15.88. 

It is hard to express an opinion concerning this great investi- 
gation, without seeming to be extravagant. In thoroughness, 
foresight, and manipulative skill it stands in the very front rank 
of chemical investigations, and on the same plane with the 
classical researches of Stas. In short, it is doubtful whether 
any better work of its kind has ever been published, and it has 
very few peers. To fully appreciate the memoir it must be 
studied in detail and at first hand ; even Morley’s own abstracts 
in various chemical journals fail to give an adequate impression 
of the magnitude of his achievement. The paper may at once 
take its place among ‘‘ the classics of the exact sciences.’’ 

F. W. CLARKE. 
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